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Description 

FIELD OF THE INVENTION 

5 [0001] This Invention relates to methods, devices and test kits for use in monitoring the ovulation cycle in female 
mammals especially humans. 

[0002] The invention Is particularly, although not solely, concerned with simple practical procedures that can readily 
be applied by unskilled persons, e.g. in the home, to provide reliable information concerning fertility status as an aid 
to contraception. An important objective of the invention is to provide such information while avoiding the necessity for 
10 tests to be conducted on a frequent (eg. daily) basis throughout every ovulation cycle. The necessity for regular, e.g. 
daily, testing throughout the cycle has characterised many ovulation cycle monitoring systems previously proposed. 
[0003] The invention may also be used by persons wishing to enhance the likelihood of conception, by providing an 
indication of the time during the ovulation cycle when fertilization is most likely to occur. 

15 BACKGROUND TO THE INVENTION 

[0004] To provide reliable information concerning fertility status, the user must be given adequate warning of the 
onset of the fertile phase in the cycle. A wide variety of techniques have proposed in the art, some relying on the 
monitoring of one or more parameters which alter as the event of ovulation approaches. Typical parameters which 
20 have been invoked are the concentration of a body fluid analyte, such as estradiol and metabolites thereof, for example 
estrone-3-glucuronide (E3G). Other parameters that have been used are basal body temperature (which can only 
provide predictive information of use in subsequent cycles) and various physiological changes such as the character- 
istics of vaginal mucous. 

[0005] Many excellent academic studies have been carried out using such parameters. Such studies have estab- 
25 Hshed how these parameters can be correlated with the fertility status of an average member of a large population 
sample. An example is Collins et al (1981), Proc. Xth International Congress on Fertility and Sterility, Publ MTP Ltd, p 
19-33. An underlying objective in many such studies is to promote conception in individuals previously regarded as 
being infertile. 

[0006] However, when attempting to develop a practical monitoring system suitable for use by individuals, it is found 

30 that many individual subjects do not conform to the average in terms of cycle length and/or the duration and timing of 
the fertile phase. The extent of variation from one individual to another, and indeed, from one cycle to another in the 
same individual, renders average population data too unreliable for consistent practical use. 
[0007] Understandably, because the severe consequence of imperfect advice concerning fertility status may be an 
unwanted pregnancy, the tendency has been to exercise extreme caution and to require testing of the relevant param- 

35 eter or parameters throughout the cycle, and particularly right from the onset of the cycle (onset of menses) . From the 
individual user's point of view, it would be advantageous if the necessity for such constant testing could be avoided 
and, instead, for the testing to be performed over a comparatively brief portion of each cycle. Not merely may this 
benefit the user in terms of convenience, but the cost of the method may also be reduced if the method utilises dis- 
posable testing devices and only a few such disposable testing devices are required each month. 

40 [0008] An example of a system for detecting the onset of ovulation, using water-swellable polymer pellets to "meas- 
ure" the water content of vaginal mucus, which, apparently increases at the time of ovulation, is described in US 
4151 833 (Polishuk). It is stated that the peak variation in the size of the pellets, as a result of the absorption of water 
from cervical mucus, is closely related to the LH surge and the variation in basal body temperature. From the experi- 
mental data provided in US 41 51 833 (Figure 8), it appears that the pellet diameter is indeed very closely related to the 

45 timing of the LH surge, and in consequence the system proposed cannot in practice provide a reliable warning of the 
onset of ovulation earlier than that obtainable from a knowledge of the LH concentration. 

[0009] In EP-A-385621 (Coley et al/Unilever) the defects of ovulation cycle monitoring systems which rely primarily 
on the change in BBT to estimate the time of ovulation are described, and we propose therein a system which uses 
regular BBT measurement in combination with a knowledge of other parameters, particularly the measurement of 

so certain urinary hormone levels. A particular proposal is that BBT is measured daily throughout each cycle and is used 
to estimate the timing of fertility status changes in a forthcoming cycle. During the course of this forthcoming (predicted) 
cycle, urinary hormone levels are checked at certain times to confirm that the progress of the cycle, as predicted from 
the previous BBT knowledge, is consistent. Particular hormones selected are E3G, P3G and LH. It is suggested that 
the level of urinary E3G is measured on at least one day during the interval from day 5 to 7 of the predicted cycle, and 

55 again on at least one day during the interval from day 10 to day 15 of the predicted cycle. According to the example 
in E P 385621 , it is sufficient for the hormone level to be either "high" or "low" relative to a threshold value. The emphasis 
throughout EP 385621 is that occasional hormone level measurements are used to supplement a monitoring system 
which relies on BBT measurement. There is no suggestion that hormone measurements alone could provide the basis 
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for a reliable fertility monitoring system personalised for an individual subject. 

[0010] WO 94/04926 concerns a fertility monitoring system using a reading unit/microprocessor and a series of 
disposable test strips. Although there is reference to the theoretical possibility of simultaneously measuring two or 
more analyte, there is no detailed or enabling disclosure of how to achieve this on a single carrier, particularly for 
5 analytes such as LH and E3G. 

[0011] EP 038361 9A concerns test devices for immunochromatographic measurements using a porous carrier or 
. strip. There is reference to determination of more than one analyte in a single sample, but generally not on a single 
carrier. 

10 Objectives of the Invention 

[0012] An objective of the present invention is to provide a system for monitoring the fertility status of an individual 
subject, which provides sufficient warning of the onset of the fertile phase to enable contraceptive advice to be given 
and which can be personalised to the individual subject, while being based solely on body fluid analyte measurements. 

15 The inherent unreliability, or limited usefulness, of other measuring systems (such as BBT) can thereby be avoided. A 
further objective is to avoid the use of average data obtained from population studies, with its inherent risk that in an 
individual subject, the parameter under test can fluctuate considerably from the population norm. 
[0013] Another objective of the invention is to provide a monitoring system which is "fail-safe", in terms of advising 
the user of the onset of the fertile phase, without denying the user of the benefits of a simple overall procedure and 

20 limited testing regime. 

[0014] A further objective is to provide the option of basing an effective monitoring system solely, or at least primarily, 
on the measurement of a single body fluid analyte, such as estradiol or a metabolite thereof. Other advantages of the 
invention will be apparent from the following description. 

[0015] Another objective of the invention is to provide a testing regime which is a good balance between the desire 
25 to minimise the testing burden on the user and the need to give the user worthwhile advice about the fertility status. 
[0016] Another objective of the present invention is to provide a method and devices for determining the presence 
and/or concentration of two or more analytes in a single sample liquid when at least one of the analytes is a multivalent 
analyte which is readily determined by means of two different specific binding agents in a "sandwich -format" complex, 
whereas another of the analytes is a monovalent analyte, such as a hapten, which is not amenable to determination 
30 via a sandwich-reaction. 

[0017] It is a further objective of the invention to provide such a dual analyte assay method/device in which a partic- 
ulate direct label is used to reveal the result of both assays. 

[0018] The use of particulate direct labels is already known in simpler assay systems. Sometimes the use of partic- 
ulate direct labels enables the assay result to be evaluated easily by eye. This may also be the case in assays in 
35 accordance with the present invention, although it is envisaged that in general the results of the assays will more 
conveniently and effectively be evaluated instrumentally. 

[001 9] A yet further object of the invention is to provide an assay method/device in which multiple analytes in a single 
sample liquid can be determined accurately in a strip-format assay device which is interpreted instrumentally using 
electromagnetic radiation (eg. light) passed through the thickness of the assay strip. The strip material can be trans- 
40 lucent or transparent. The extent of binding of particle labels in a detection zone in the strip can provide a quantitative 
assay result, because the particles can block light or other radiation and therefore reduce the transmission of the 
radiation through the strip. 

[0020] Another objective of the invention is to produce improved combinations of assay result reading devices and 
associated sample testing devices which can provide accurate quantitative assay information in a simple, quick and 
45 cost-effective manner. 

GENERAL DESCRIPTION OF THE INVENTION 

[0021] For the purposes of illustration only, the invention will be described in relation to the measurement of urinary 
50 analytes, and especially "E3G" (estrone-3-glucuronide) and "LH" (luteinizing hormone). 

[0022] In addition to estrone-3-glucuronide already mentioned, estradiol metabolites that can also be assayed for 
the purposes of the invention include estradiol-3-glucuronide, estradiol-17-glucuronide, estriol-3-glucuronide, estriol- 
1 6-glucuronide and (principally for non-human subjects) estrone-3-sulphate. As will be appreciated from the following 
description, the invention can readily be applied to data derived from the measurement of body fluid concentrations of 
55 other analytes of significance in relation to the status of the ovulation cycle. Generally, the most suitable analytes are 
hormones and their metabolites. 'Follicle stimulating hormone (FSH) is an example. Examples of alternative body fluids, 
which are relatively accessible, are saliva, crevicular fluid, sweat, sebum, tears and vaginal fluid. In principle internal 
fluids, such as blood, can be used but are generally not preferred because they can only be accessed by invasive 
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techniques. 

[0023] The skilled reader will also appreciate that the body fluid "concentration" of the chosen analyte or analytes 
need not be measured in absolute terms, although this can of course be done if desired. Generally, it will be sufficient 
to assay an analyte in a manner which yields a signal, convertible to numerical data, related to the actual concentration, 
5 so that such data can be compared with similar data obtained at a different stage in the cycle to determine whether or 
not a significant change in actual concentration has occurred. Accordingly, where the specification and claims below 
refer to the "concentration" of an analyte, this expression should be interpreted broadly. 

[0024] In one aspect, the invention provides, a test kit for use in monitoring the ovulation cycle of a female mammal, 
especially a human, comprising a plurality of disposable testing devices for sampling and testing a body fluid, such as 
w urine, and providing readable signals indicative of the concentrations of at least two analytes in the body fluid, said 
analytes being of significance in relation to the fertility status of the ovulation cycle, together with an electronic reader/ 
monitor for reading and interpreting said readable signals to provide the user with an indication of said fertility status, 
wherein: 

15 a) said readable signals are read while one of said testing devices is located within a receiving means of said 

reader/monitor; 

b) said readable signals are created by concentrating a first detectable material, preferably a labelled reagent, in 
a first detection zone of a porous carrier, such as a test strip, within said testing device and by concentrating a 
20 second detectable material, preferably a labelled reagent, in a second detection zone of said porous carrier, while 

said sampled body fluid is flowing, e.g. by capillarity, through said porous carrier, said second detection zone being 
downstream from said first detection zone relative to a receiving portion of said testing device which is contacted 
with said body fluid to initiate the test; 

25 C ) said first detection zone signal is indicative of the body fluid concentration of a first analyte, preferably luteinizing 

hormone (LH), which exhibits a significant concentration change closely associated with the time of actual ovula- 
tion; and 

d) said second detection zone signal is indicative of the body fluid concentration of a second analyte, preferably 
30 estradiol or a metabolite thereof such as estrone-3-glucuronide (E3G), which exhibits a significant concentration 

change in advance of the onset of the fertile phase of said ovulation cycle. 

[0025] Preferably, said readable signals are read by optical transmission through said testing device. Ideally, to 
achieve this, the reader/monitor comprises: 

35 

a) a source of diffuse light having a wavelength that is strongly absorbed by said detectable materials; 

b) sensing means to sense incident light from said source; 

40 C ) means for receiving and holding said testing device with each of said detection zones in a light path between 

said source and said sensor; and 

d) electronic means connected to said sensing means, said electronic means being programmed to derive from 
sensed incident light a measure of the extent to which detectable material has become concentrated in each of 
45 said detection zones. 

[0026] Preferably said readable signals are created by concentrating particle-labelled reagents in the respective 
detection zones. 

[0027] Preferably, the test kit contains a sufficient plurality of disposable testing devices to enable a user to conduct 
so testing on a one-per-day basis for a maximum of 16 days in any one ovulation cycle. An important embodiment of the 
invention is a replacement pack, containing a plurality, preferably not more than 12, and ideally 7 to 10, of disposable 
testing devices to replenish a test kit preferably plus instructions to the user to use all of said testing devices during 
the course of one ovulation cycle. 

[0028] The invention also provides a method of monitoring the human ovulation cycle, using a test kit as set forth 
55 above wherein testing is conducted at least once during the interval spanning days 1 to 7 inclusive calculated from the 
onset of menses, to establish a reference concentration value or signal for said second analyte in the current cycle, 
said testing is temporarily ceased, and then testing is conducted at least once (preferably daily) during a period of days 
commencing at least 5, preferably at least 6, numerical days in advance of the mean numerical day on which actual 
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ovulation has occurred over one or more previous ovulation cycles in the same individual subject, second analyte 
concentration values or signals obtained during said period of days being compared with the reference concentration 
value or signal to determine whether a concentration change indicative of imminent ovulation is occurring or has oc- 
curred since the previous test. As a preferred fail-safe feature, the start of the fertile phase is declared if the expected 

5 significant change in second analyte concentration has not been detected priorto at least 2, preferably at least 3, days 
before the numerical day in the current cycle on which actual ovulation is predicted to occur, based on knowledge 
derived from first analyte concentration measurements obtained in one or more previous cycles. 
[0029] More generally the invention provides a method of monitoring the fertility status of an individual female mam- 
malian subject, involving testing of the body fluid concentration of an analyte, especially estradiol or a metabolite 

w thereof, in which method said testing is conducted at least once during the interval spanning days 1 to 7 inclusive of 
the current cycle, to establish a reference concentration value or signal for the current cycle, and said testing is also 
conducted later in the current cycle, following a temporary cessation, and the concentration value or signal then ob- 
tained is compared to the reference value or signal. 

[0030] An important aspect of the invention is a method of monitoring the current fertility status of an individual human 

is female, involving testing of the body fluid concentration of estradiol or a metabolite thereof and comparing the test 
result with a reference value or signal to ascertain whether an elevated concentration indicative of imminent ovulation 
is present, wherein the reference value or signal for the current ovulation cycle is established by testing the body fluid 
concentration in the same individual at least once during the interval spanning days 1 to 7 inclusive of the current cycle. 
[0031] In a preferred embodiment the invention provides a method of monitoring the current fertility status of an 

20 individual female mammal, involving the detection in the change of a parameter indicative of imminent entry into the 
fertile phase, wherein the start of the fertile phase is declared if the parameter change expected has not been detected 
prior to at least 2, preferably at least 3, days before the numerical day in the current cycle on which actual ovulation is 
predicted to occur, based on knowledge gained in previous cycles in the same individual. For the purposes of predicting 
the ovulation day, the "mean ovulation day" procedure as set out hereinbelow can be used. This fail-safe declaration 

25 of the fertile phase can be combined to advantage with any of the cycle monitoring techniques described hereinbelow. 
[0032] More particularly, the invention provides a method of monitoring the current fertility status of an individual 
human female, involving testing of the body fluid concentration of estradiol or a metabolite thereof and comparing the 
test result with a reference value or signal to ascertain whether an elevated concentration indicative of imminent ovu- 
lation is present, wherein the reference value or signal for the current cycle is established by testing the body fluid 

30 concentration in the same individual at least once during the interval spanning days 4 to 7 inclusive, preferably on days 
5 and/or 6, of the current cycle, testing is recommenced on day 9 of the current cycle and continued thereafter on at 
least a daily basis at least until a significantly elevated concentration is detected, and the status of the current cycle is 
declared to be "fertile" for the interval commencing on the day of significantly elevated concentration detection and for 
at least the immediately successive 12 days or until evidence of cycle termination (e.g. commencement of menses) is 

35 obtained, whichever occurs earlier. As an optional refinement of this method, if a significantly elevated concentration 
is not detected on or before day 15, the cycle is declared "fertile" for the interval lasting for at least 14, preferably 15, 
days immediately following day 15, or until evidence of cycle termination is obtained, if this occurs earlier. 
[0033] Another important aspect of the invention is a human contraception method, involving: 

a) testing the urinary concentration of estradiol or a metabolite thereof in the female partner at least once during 
the interval spanning days 4 to 7 inclusive, preferably on days 5 and/or 6, of the current cycle to establish a reference 
value or signal for the current cycle; 

b) testing the urinary concentration again on an at least daily basis commencing on day 9 of the current cycle and 
continuing until day 15 (preferably day 14) of the current cycle; and 

c) avoiding unprotected intercourse during the interval lasting for at least 12 days immediately following the day 
on which a significantly elevated urinary concentration is detected or, if a significantly elevated urinary concentration 
is not detected by day 15 (preferably day 14), avoiding unprotected intercourse during the interval lasting for at 
least 14, preferably 15, days immediately following day 15 (preferably day 14), in either case the interval optionally 
being terminated earlier in the event of evidence of cycle termination (e.g. commencement of menses) being 
obtained. 

[0034] In a first embodiment, the invention provides a method of monitoring the fertility status of an individual female 
mammalian subject, involving testing of the body fluid concentration of at least one analyte of significance in relation 
to the status of the ovulation cycle during the pre-ovulation phase, wherein testing for said analyte is conducted at 
55 least once during the interval spanning days 1 to 7 inclusive of the current cycle calculated from the onset of menses 
(day 1 being the day on which menstruation is first observed), to establish a reference concentration value or signal 
for said analyte in the current cycle, and thereafter testing is conducted at least once (generally repeatedly, e.g. daily) 
priorto a day on which ovulation is likely to occur during the cycle, analyte concentration values or signals obtained 
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during said later or repeated testing being compared with the reference concentration value or signal to determine 
whether a concentration change indicative of imminent ovulation is occurring or has occurred since the previous test. 
[0035] In a preferred embodiment, the Invention provides a method of monitoring the fertility status of an Individual 
female subject, involving testing of the body fluid concentration of at least one analyte of significance in relation to the 

5 status of the ovulation cycle during the pre-ovulation phase, wherein testing for said analyte is conducted at least once 
during the interval spanning days 1 to 7 inclusive calculated from the onset of menses (day 1 being the day on which 
menstruation is first observed), to establish a reference concentration value or signal for said analyte in the current 
cycle, and then testing is conducted at least once (generally repeatedly, e.g. daily) during a period of days commencing 
at least 5, and more preferably at least 6, numerical days in advance of the mean numerical day on which actual 

10 ovulation has occurred over one or more previous ovulation cycles in the same Individual subject, analyte concentration 
values or signals obtained during said period of days being compared with the reference concentration value or signal 
to determine whether a concentration change indicative of imminent ovulation is occurring or has occurred since the 
previous test. Generally, the repeated testing need not be commenced earlier than about 9 days in advance of the 
mean ovulation day. 

15 [0036] Preferably, the concentration reference value is established from test(s) conducted during the interval span- 
ning days 4 to 7 inclusive, more preferably from test(s) conducted on day 5 and/or day 6, and most preferably from a 
single test conducted on day 6. 

[0037] A significant change in analyte concentration indicative of imminent ovulation, particularly appropriate when 
the analyte is estradiol or a metabolite thereof, will generally be noted when the ratio of the reference concentration 
20 [r] to the test concentration [i] meets the following criteria: 

1.5 < p| < 2.5 

25 [0038] In particular, especially when the analyte is E3G and the reference value is established on day 6: 



30 [0039] If the chosen assay format by means of which concentration data is obtained yields a signal which is inversely 
proportional to actual concentration, as may be the case in a competition assay, it will be appreciated by the skilled 
reader that the relationship between [i] and [r] signals will be the inverse of those given above. 
[0040] It is generally envisaged that there will be a gap of at least one day, and more usually several days, between 
establishment of the concentration reference value and the commencement of repeated testing, during which gap no 

35 testing need be conducted. Thus, in the ideal situation, the user performs a single test at an early stage of thee cycle, 
eg on day 6, and several days later commences a relatively brief schedule of repeated, eg daily testing, which is 
terminated after sufficient information has been derived to identify the fertile phase, preferably including an indication 
of the end of the fertile phase in that cycle. Typically this termination of testing will be on the day of LH surge, or within 
a few days thereafter, so that the remainder of the cycle is test-free. 

40 [0041 ] Conveniently, the body fluid can be urine. A very suitable analyte is therefore estradiol or a metabolite thereof, 
such as estrone-3-glucuronide. 

[0042] Preferably, in one embodiment of the invention, the mean ovulation day is derived from data collected during 
at least 3, and more preferably at least 5, consecutive previous cycles. 

[0043] Ideally, the mean ovulation day used to calculate the time interval for the purposes of the current cycle is 

45 derived from data obtained during at least the immediately preceding cycle. 

[0044] A particularly convenient method involves the determination of the mean ovulation day from data obtained 
from a "rolling" reference base consisting of a fixed number of consecutive cycles immediately preceding the current 
cycle. Preferably this rolling reference base consists of the immediately preceding 3 to 1 2 cycles, more preferably the 
immediately preceding 5 or 6 cycles. By having such a rolling reference base, any progressive "drift" in the occurrence 

so of ovulation in the individual concerned can be picked up and accounted for in the allocation of the next repeated testing 
commencement day. 

[0045] The invention includes a test kit comprising one or more testing devices for determining the concentration (in 
relative or absolute terms) of said at least one analyte In said body fluid, together with instructions advising the user 
to commence said testing during said time interval, and means enabling a user to derive said time interval and/or a 
55 precise testing commencement day from knowledge of the numerical day on which actual ovulation occurred during 
at least one previous ovulation cycle of the user. 

[0046] Another independent aspect of the invention, which may nevertheless be combined to advantage with any 
method as set forth above, involves: 



6 



EP 0 703 454 B1 



a) providing the user with a plurality of disposable body fluid testing devices, said plurality preferably being at least 
7, but preferably not greater than 12; and 

b) directing the user to use all of said provided testing devices during a single ovulation cycle, in accordance with 
a predetermined testing schedule, irrespective of whether an indication of imminent ovulation has been obtained 

5 before all of said provided testing devices have been used. 

[0047] Preferably, the user is directed to perform one test on day 6, and to use all of the remaining testing devices 
on a daily basis during the repeated testing period. 

[0048] The invention also provides a kit for use in any of the methods as set forth above, comprising a plurality of 
10 disposable body fluid testing devices, together with means for reading and interpreting the results of tests performed 
using said testing devices. 

[0049] The invention also encompasses a replenishment pack of disposable body fluid testing devices for use in any 
of the methods as set forth above, with directions to the user to use all of said contained disposable testing devices 
during the course of a single ovulation cycle. Preferably the pack contains not more than 12 testing devices, more 

15 preferably at least 7 but not more than 1 0 devices. 

[0050] By requiring the user to use all of a numerically-small single batch or set of disposable testing devices per 
cycle, there are advantages both for the user and for the manufacturer of the devices. The user benefits because the 
"monthly" testing schedule is simplified - there is no need for a decision to be taken on when to stop the repeated 
testing, or about using up during subsequent cycles testing devices left over from earlier cycles. For the manufacturer, 

20 there is assurance that data for each cycle is derived from a single batch of testing devices, thus eliminating problems 
of standardisation that might otherwise arise, and reducing the complexity of any monitor required to interpret the test 
data. No activity by the user is required to ensure calibration of the assays. The disposable testing devices can be 
supplied in standard "monthly" replenishment packs, streamlining the packaging operation. Because the problem of 
"leftover" testing devices is eliminated, one possible cause for customer enquiries is also avoided. 

25 [0051] An advantage of the methods of the present invention is that effective monitoring of the ovulation cycle can 
be achieved using data derived solely from the measurement of body fluid analyte concentration(s). It is unnecessary 
to combine this data with other parameters. In particular, there is no need to supplement this data with routine meas- 
urement of basal body temperature. 

[0052] By adopting a concentration reference value from data in the early part of the current cycle, the methods of 
30 the invention avoid the need for calibration and ensure that the base-line reference is personal to the subject under 
test. This leads to a clearer indication of the significant pre-ovulation concentration change, compared to previously 
proposed methods based on day-to-day measurements. 

[0053] The analyte chosen for providing the warning of imminent ovulation is not critical to the invention, provided 
that the analyte exhibits a detectable concentration change within the time interval between the commencement of 

35 testing (as determined herein) and a safe time in advance of actual ovulation in the current cycle. 

[0054] The invention can be applied in any method of monitoring the status of a current ovulation cycle of an individual 
human female subject involving the measurement of a body fluid analyte of significance in relation to the status of 
ovulation cycle and which exhibits a detectable change during the pre-ovulation phase of the cycle occurring at least 
2 and more preferably at least 3 days in advance of the day of actual ovulation. 

40 [0055] The following description is provided, by way of example only, in relation to the urinary hormones E3G, lutei- 
nizing hormone (LH), and pregnanediol-3-glucuronide (P3G), although it will be readily appreciated that the principles 
of the method can be used in relation to other biochemical markers, for example the hormones estradiol and proges- 
terone, found for example in the blood or in saliva. The method of the invention may be used in combination with 
observations of other physiological signs of the level of fertility in a female, of which she is aware, or can readily be 

45 made aware of, e.g. markers in other body fluids. 

[0056] Ovulation day can be determined by any of the known chemical or physiological parameters, although a 
preferred method is by measuring the level of LH. Once the LH surge has been detected, it can be said that ovulation 
is imminent. Also, the day of the cycle on which ovulation has occurred can be noted for future reference. If the LH 
surge is detected, and hence the day of ovulation accurately pinpointed, it can be indicated to the user with a very high 

50 degree of certainty that the subject will no longer be fertile four days hence (3 days after ovulation). For practical 
purposes, a urinary LH concentration of 20 mlU/ml can be regarded as a universal threshold indicative of the LH surge 
under virtually all circumstances. 

[0057] The expression "LH surge" is used herein to mean the dramatic rise in LH concentration that precedes the 
event of ovulation. In the art, reference is made also to "LH max", i.e. the peak concentration of LH. In the majority of 
55 individuals, these are for all practical purposes simultaneous, when the cycle is monitored on a day-by-day basis. 
However, in a few individuals, perhaps 20% of the population, the actual peak concentration of LH is not observed until 
the day following the main concentration rise. For the purposes of the invention, we prefer to use the observable rise 
as the critical parameter. 
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[0058] Alternatively, or In addition, the end of the fertile phase can be declared on the basis of knowledge of the 
estradiol (or metabolite thereof) concentration, in the current cycle. Conveniently, this may be declared on a set day 
following a peak concentration value. Because the peak concentration of urinary E3G, for example, appears to be a 
less readily detectable event than the LH surge, the E3G "peak" may be defined by reference to a threshold value, 
5 determined for example by the relationship 

jjj > 2.5, preferably £ 3 . 

10 the "peak" being taken to occur on the day when this relationship is first satisfied during the testing regime adopted in 
the current cycle. The inverse relationship will apply if the E3G signal in inversely proportional to actual concentration. 
In some instances this may be the same day as the significant E3G rise indicative of imminent ovulation is detected. 
When the E3G "peak" has been detected, the fertile phase can be assumed to end on the sixth, or more safely the 
seventh or eighth, day later In this embodiment, the invention provides the option of a method of monitoring fertility in 

15 the current cycle based solely on data derived from estradiol/metabolite assays. For the purposes of a fail-safe pro- 
cedure, based on knowledge of the ovulation day in previous cycles, the E3G peak can be used, as this typically occurs 
about 1 day in advance of actual ovulation. 

[0059] Another method for predicting the end of the fertile period (though not so accurately the day of ovulation) is 
to measure the levels of the urinary hormone P3G. P3G has a relatively low level in urine until the start of the luteal 

20 phase, at which point its level rises fairly sharply. Therefore, once an elevated level of P3G is detected, it can be 
indicated to the user that the luteal phase of the cycle - ie. the terminal infertile period - has commenced. An elevated 
level of urinary P3G can be based on data taken during the current and/or one or more preceding cycles. An "elevated" 
P3G level can be recorded, for example, when either the level of P3G detected is greater than the sum of the four 
previous recorded levels of P3G in the same menstrual cycle, or greater than 3500 ng/ml, whichever of these two 

25 thresholds is lower and is first achieved. Once an "elevated" P3G level is recorded, the subject can be advised that 
she is infertile for the remainder of that cycle. 

[0060] If desired, the detection of either LH or P3G can be used as a trigger to indicate that the subject is no longer 
fertile until the end of the cycle, with one hormone acting as a "back up" to the other. However, it is preferred that the 
detection of LH be used as a primary indicator of whether ovulation has or is about to occur, since the detection of LH 

30 lends itself to more accurate determination of the exact ovulation day than the use of P3G. 

[0061] Methods of detecting body fluid analytes, such as urinary hormone metabolites, suitable for the purposes of 
this method, are well known to those skilled in the art. In a preferred embodiment, the analyte is detected by assay 
methods and devices as described in UK patent GB 2204398 and European patent application EP-A-383619. 
[0062] Where the method of the invention relies on measurement of a urine component, this must be done on a urine 

35 sample. A variety of immunoassay techniques are available which enable urine components to be measured. A wide 
variety of solid phase testing devices such as dipsticks and chromatographic strips have been described in the literature, 
and can readily be adapted for use in determining urinary analytes. The device should at least be capable of indicating 
relative levels of analyte, eg. E3G, in threshold bands. Examples of simple assay technology that can readily be adapted 
for use in the home is described, for example, in EP-A-225054, EP-A-1 83442, EP-A-1 86799 and EP-A-291194. Dis- 

40 posable assay strips such as those described in EP-A-291194 which simply require to be contacted with urine and 
which provide an assay result in semi-qualitative form, eg. by means of a series of test zones on the strip which are 
progressively positive at higher urinary analyte levels, can be used. Multiple strips that respond at different analyte 
thresholds can be used, rather than a single strip. Alternatively, a visually readable quantitative assay can be based 
on progression of a visible, eg. coloured, region or "front" over a surface (eg. radial diffusion), using for example an 

45 enzyme-labelled assay. 

[0063] In a more sophisticated embodiment of the invention, a recording device is provided which incorporates means 
for reading the result of the urine assay, e.g. by measuring the absorbance by or fluorescence from an assay strip. 
This may enable a more precise numerical indication to be given of the analyte level, and further enhance the accuracy 
of the method. 

so [0064] In an embodiment of the invention in which two or more analytes are measured simultaneously, such meas- 
urement can if desired be performed using a single body fluid testing device, eg. a device incorporating multiple assay 
strips, or a single strip capable of independently detecting the level of the different analytes. 

GENERAL DESCRIPTION OF A PREFERRED ASSAY FORMAT 

55 

[0065] In one embodiment, this aspect of the invention relates particularly to strip-format assays forthe determination 
of monovalent analytes such as haptens. 

[0066] In another embodiment, the invention relates in particular to improved assays in which two or more analytes 
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are determined simultaneously in the same sample. 

[0067] When an assay is intended to detect the presence and/or amount of just one analyte in a sample liquid, it is 
relatively easy to configure the assay conditions to achieve this result and to eliminate the effect of other components 
that may be present in the sample. However, when it is desired to use a single assay device to determine more than 

5 one different analyte in the same sample liquid the task of "balancing" the conditions to ensure that the separate assay 
reactions proceed efficiently and effectively is much more difficult, especially in a strip-format assay. 
[0068] In another embodiment, the invention provides a strip-format assay for a monovalent analyte (hapten) using 
a particulate direct label to reveal the assay result, in which assay the particulate label bears an antibody specific for 
the monovalent analyte and the detection zone of the strip contains immobilised analyte or an analogue thereof. Each 

10 label particle carries a multiplicity of identical antibody molecules. As a reagent, the antibody-bearing particles can be 
standardised during manufacture (ie. during application of antibodies to the particles) to ensure that within a given 
batch the loading of active antibody is constant. The concentration of analyte or analyte analogue in the detection zone 
should be in excess of the effective concentration (molar concentration) of antibody on the particles. It is not essentia! 
to have a constant antibody loading on each particle, because the number of particles can be varied. The quantity of 

15 partide-iabelled antibody available in the assay should be in excess, relative to the anticipate analyte concentration 
in the sample. These levels can be adjusted by experimentation so that the presence of free analyte in the sample 
liquid leads to a significant level of binding of the free analyte to the antibodies on the particles and therefore significantly 
inhibits the possible binding of the particle label to the immobilised analyte/analogue in the detection zone. The principle 
behind the assay is that on the average particle there is a sufficient number of active antibody molecules to ensure 

20 binding of the particle in the detection zone, but that nevertheless the presence of analyte in the sample has a limiting 
effect on this binding. The extent to which the particles become bound in the detection zone is therefore inversely 
proportional to the concentration of analyte in the sample liquid. In a strip-format assay, the particle labelled antibody 
is placed upstream from the detection zone so that applied liquid sample encounters the particle labelled material and 
carries it to the detection zone. In this assay configuration it is necessary to ensure that the potential reaction between 

25 the free analyte and the particle-labelled antibody is at least substantially complete before these reagents reach the 
detection zone. The extent to which the particles bind to the immobilised analyte/analogue in the detection zone is 
therefore dependent on the residual uncomplexed antibody remaining on the particles. It is necessary to ensure that 
the concentration of immobilised analyte/analogue in the detection zone is high, to promote efficient capture of the 
particles as they pass through this zone. In order to enhance the efficiency of the previous binding of the particle- 

30 labelled antibody to free analyte in the sample liquid, it is very desirable that the antibody on the particles should have 
a very high affinity for the analyte. This affinity is preferably at least about 1 0 9 - and more preferably at least about 1 0 10 , 
litres/mole. The use of such high affinity antibodies ensures efficient capture of the free analyte by the particles, and 
moreover ensures that under assay conditions, once an analyte molecule has become bound to an antibody on the 
particle, it is very unlikely to be released or interchanged with an immobilised analyte/analogue molecule as the particle 

35 passes through the detection zone. 

[0069] The general principles of the invention as set forth above apply also in an assay which is intended to determine 
two or more analytes, at least one of them being monovalent. 

[0070] In one embodiment, the invention provides a method of determining the presence and/or concentration of two 
or more analytes in a single sample liquid, such as a urine sample, at least one of said analytes being determinable 
40 by means of a sandwich-format binding reaction involving two binding reagents specific for different epitopes on said 
analyte and at least one other of said analytes being a hapten (and therefore not determinable readily by means of a 
sandwich-format binding reaction), which method comprises the steps of: 

a) providing a device comprising a strip of porous material along'which said sample liquid can migrate, the strip 
45 having two or more spacially distinct detection zones (at least one per analyte to be determined) located down- 

stream from the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an immobilised capture agent being a specific binding agent for said first analyte 
or a specific binding agent which can capture a sandwich-format complex including said first analyte, and 

50 

ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 
thereof; 

b) providing two or more populations of particles capable of migrating through said strip with said sample liquid, 
55 of which populations: 

i) at least one population carries a binding agent specific for said first analyte, or specific for another 
specific binding agent which can participate in a sandwich -format reaction with said first analyte, and 
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ii) at least one population other carries a binding agent specific for said hapten; and 

c) causing said populations of particles to become suspended in said sample liquid and to migrate with said 
sample liquid through said strip; the presence of said first analyte in said sample liquid leading to binding of 

5 particles in said at least one detection zone in an amount directly proportional to the concentration of said first 

analyte in said sample liquid, and the presence of said hapten in said sample liquid leading to a reduction in 
binding of particles of said at least one other population in said other detection zone in an amount directly 
proportional to the concentration of said hapten in said sample liquid, the detection zone containing the im-. 
mobilised hapten or immobilised hapten analogue being sited downstream from the detection zone associated 

10 with the first analyte. 

[0071] An example of the first analyte is luteinizing hormone (LH). An example of the second analyte is estradiol or 
a metabolite thereof, such as estrone-3-glucuronide (E3G). 
[0072] Preferably the particles are latex particles, which may be coloured. 
15 [0073] Most preferably the affinity of the anti-hapten specific binding agent is at least about 10 9 , preferably about 
10 10 , litres/mole. 

[0074] Preferably the extent of particle binding in each of said detection zones is determined by measuring the ex- 
tinction of electromagnetic radiation, such as light, when transmitted through the thickness of said strip. 
[0075] The invention also provides an assay device for use in the determination of two or more analytes in a single 
20 sample liquid, at least one of said analytes being determinable by means of a sandwich-format binding reaction involving 
two binding reagents specific for different epitopes on said analyte and at least one other of said analytes being a 
hapten (and therefore not determinable readily by means of a sandwich -format binding reaction), the device comprising, 
preferably within a protective casing: 

25 a) a strip of porous material along which sample liquid can migrate; 

b) two or more detection zones (at least one per analyte to be determined) on said strip, located downstream from 
the site of sample liquid addition to said strip, of which zones: 

30 i) at least one zone contains an immobilised capture agent being a specific binding agent for said first analyte 

or a specific binding agent which can capture a sandwich-format complex including said first analyte, and 

ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 
thereof; 

35 

c) two or more populations of particles, located upstream from said detection zones, capable of migrating through 
said strip with said sample liquid, of which populations: 

i) at least one population carries a binding agent specific for said first analyte, or specific for another specific 
40 binding agent also present in the device and which can participate in a sandwich-format reaction with said first 

analyte, and 

ii) at least one other population carries a binding agent specific for said hapten; 

45 the presence of said first analyte in said sample liquid leading to binding of particles in said at least one detection zone 
in an amount directly proportional to the concentration of said first analyte in said sample liquid, and the presence of 
said hapten in said sample liquid leading to a reduction in binding of particles of said at least one other population in 
said other detection zone in an amount directly proportional to the concentration of said hapten in said sample liquid, 
the detection zone containing the immobilised hapten or immobilised hapten analogue being sited downstream from 

so the detection zone associated with the first analyte. 

[0076] Preferably the strip material is at least translucent through its thickness. An ideal strip material is nitrocellulose. 
[0077] Because the assay for the hapten is not a competition reaction in which there is the possibility of free inter- 
change between analyte in the sample and analyte provided as a reagent in the assay (in this case the analyte/analogue 
immobilised on the strip) it is essential that during the course of the assay sufficient opportunity is provided for the 

55 analyte in the sample to become bound to the antibody bearing particles before these particles encounter the relevant 
detection zone on the strip. To ensure this it is desirable that there is a comparatively long contact time between the 
particulate reagent and the sample. Accordingly within the limits of acceptable physical geometry of the assay device 
the detection zone containing the immobilised analyte/analogue should be as far downstream from the source of the 
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particle labelled reagent as possible. In particular, where the assay device is intended to determine two or more analytes 
in the same sample liquid and at least one of the other analytes is determined by means of a sandwich-format reaction, 
the detection zone for the hapten should ideally be downstream from the detection zone or zones involved in the 
sandwich-format assays. 

5 [0078] A particular embodiment of the invention is therefore a dual analyte strip format assay for determining LH and 
E3G in an applied urine sample in which the two assay results are detected in specially distinct detection zones on the 
strip and the E3G zone is downstream from the LH detection zone relative to the site of sample liquid application. 
[0079] Assay devices comprising a strip of porous material along which liquid such as an applied sample can migrate 
by diffusion or capillarity to bring one or more assay reagents to a small detection zone in the strip, are now widely 

10 used for the qualitative and semi-quantitative analysis of analytes which can be detected by means of solid-phase 
sandwich assays. When direct labels, such as gold sols and coloured latex particles are employed, such assays can 
reveal the result in a form easily readable by the human eye. The result is effected by concentrating the detectable 
material in the comparatively small region of the porous carrier material. 

[0080] In one embodiment, the invention provides a quantitative strip-formay assay in which the assay result is re- 
ts vealed by binding in a detection zone a labelled reagent possessing multiple active binding sites specific for the analyte 
under test. The label is a detectable micro-particle, such as a (coloured) latex particle, metallic (e.g. gold) sold, dye 
sol, or non-metallic elemental (e.g. carbon, selenium) particle, of a size sufficiently small to permit migration through 
the porous strip material but sufficiently large to permit the formation of a detectable end-result when the labelled 
material is concentrated in the detection zone. Particulate labels of the types already used in strip-format sandwich 
20 assays are ideal. 

[0081] In a typical assay according to the invention, the multiple active specific binding sites in the labelled reagent 
are provided by having a multiplicity of identical antibodies, preferably monospecific (eg monoclonal) antibodies, at- 
tached to each label particle. 

[0082] Contrary to expectation, we have found that especially in a hapten assay the use of particulate labels pos- 

25 sessing multiple identical active analyte-specific binding sites leads to a valuable increase in sensitivity. We believe 
that the excess binding sites on the label particle allows effective binding of the particle in the hapten-bearing detection 
zone. However, perhaps because of the geometry of the system, which may be visualised as a planar detection zone 
surface and a more-or-less spherical label particle, the prior binding of merely a relatively small amount of hapten 
analyte from a sample to the curved surface of the label particle causes a degree of inhibition of binding of the label 

30 particle in the detection zone sufficient to influence the binding and cause a detectable effect. 

[0083] We believe that it is highly desirable that once an analyte molecule has become specifically bound to the label 
particle, it should remain so bound throughout the remainder of the assay protocol leading to the formation of the 
detectable assay result in the detection zone. One way of achieving this is by using a specific binding agent in the 
labelled reagent which has a very high affinity for the analyte. It is now conventional to use monoclonal antibodies 

35 having analyte-affinities of 10 8 . We have found it advantageous to use, in the context of a strip-format hapten assay, 
labelled specific binding agents having analyte-affinities of at least about 10 9 and more preferably of at least about 
10 10 , litres/moles. A good method for measuring affinity in solution is described in Friguet et al, J. Immunol Methods, 
Vol 77 (1985) pages 305-319. Monoclonal antibodies having such high affinities can be raised in the conventional 
manner and identified by normal selection procedures. Although it is desirable to use antibodies which exhibit high 

40 affinity in solution, this is not the only way of achieving this aspect of the invention; It is occasionally observed that an 
antibody that exhibits comparatively low affinity in solution can be transformed in its effective properties when immo- 
bilised on a solid phase. 

[0084] An important embodiment of the invention is a quantitative strip-format assay for human body fluid analytes, 
especially haptens. A particular example is such an assay for estradiol or a metabolite thereof, such as estrone-3-glu- 
45 curonide (E3G). An especially important embodiment of the invention is a strip-formay assay for urinary E3G which is 
capable of quantitatively determining the E3G over a concentration range of 5-60 ng/ml urine. Such an assay is par- 
ticularly well suited for use in a procedure intended to provide a user with an awareness of the fertility status of an 
ovulation cycle, the body fluid concentration of estradiol or a metabolite thereof being recognised as a useful indicator 
of such status. 

so [0085] If desired, an assay device according to the invention, as set forth above, can additionally include the ability 
to determine other analytes in the same sample, if appropriate by employing conventional sandwich assay technology. 
For example, one embodiment of the invention is a strip-format assay device which can provide a quantitative deter- 
mination of urinary E3G, as set forth above, and simultaneously a quantitative determination of urinary luteinizing 
hormone (LH) by means of a sandwich assay procedure, the E3G and LH results being revealed in two separate 

55 detection zones. Conveniently, in such a combined assay, the label can be the same for each assay, although the 
skilled reader will of course appreciate that two populations of label particles would normally be required, one carrying 
multiple binding sites for the E3G and the other carrying a specific binding material for the LH. The E3G detection zone 
will contain immobilised E3G or an analogue thereof , and the LH detection zone will contain immobilised specific binding 
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material, such as an anti-LH antibody. 

GENERAL DESCRIPTION OF A PREFERRED ASSAY RESULT READING SYSTEM 

5 [0086] This aspect of the present invention relates to devices for reading the results of assays, and to assay devices 
for use in conjunction with reading devices. 

[0087] Home-use assay devices such as pregnancy tests are now well established. In the case of a pregnancy test, 
which merely needs to provide the user with a "yes/no" result, the technology now available enables the assay result 
to be read easily by eye without the need for any ancillary equipment. 

10 [0088] Home-use assays are intended primarily to detect physiological changes in the human body, with the objective 
of promoting the health, general well-being or lifestyle of the individual. The consumer is becoming increasingly health 
conscious, and the ability of the consumer to monitor his or her bodily functions is being encouraged. In some instances 
this can facilitate the interaction between the individual consumer and the medical profession (GP). 
[0089] There are many assays indicative of physiological changes in the human body which currently can only be 

is performed using sophisticated laboratory techniques. In order to provide useful information concerning the individual 
under test, such assays generally need to yield a result in precise numerical terms, eg. the concentration of a specific 
analyte in a body fluid. 

[0090] Accordingly there is a need for an assay system, especially applicable to the testing of body fluid samples in 
the home, which combines convenience of sample testing together with simple and cost-effective numerical determi- 

20 nation of the assay result. 

[0091] Many assay devices are described in the technical literature with suggestions that the assay result can be 
read using optical equipment. The use of fluorescence emission, or light reflectance, is often suggested. Such tech- 
niques are mostly appropriate for use in sophisticated laboratories. In EP-A2-212599, which describes multizone an- 
alytical elements having a detectable signal concentrating zone, the suggestion is made that a detectable signal in- 

25 dicative of an assay result in the zone can be measured by electromagnetic radiation, such as light, transmitted through 
the zone. EP-A2-212599 indicates that the element can be made from porous fibrous materials, such as paper and 
nitrocellulose. However, no practical details are provided to indicate how an accurate measurement might be made 
using transmitted light. 

[0092] We have found that quantitative information can be derived by transmission reading of an assay strip or the 
30 like if the incident electromagnetic radiation is uniform across a region of the test strip which encompasses and extends 
beyond the test zone. 

[0093] In one embodiment, the invention provides a method of "reading" the result of an assay effected by concen- 
trating a detectable material in a comparatively small zone of a carrier in the form of a strip, sheet or layer through the 
thickness of which electromagnetic radiation, such as light, is transmissible, wherein at least a portion of one face of 
35 said carrier is exposed to incident electromagnetic radiation which is substantially uniform across the entire portion, 
said portion including said zone, and electromagnetic radiation emerging from the opposite face of said carrier is meas- 
ured to determine said assay result. 

[0094] Preferably, the incident electromagnetic radiation is of substantially uniform intensity. 
[0095] This uniformity can be achieved, for example, by providing a columated source of electromagnetic radiation, 
40 using conventional focusing means such as lenses and light guides to provide parallel incident electromagnetic radi- 
ation which falls essentially normally across the entire exposed portion of the carrier. 

[0096] However, in a more preferred embodiment of the invention, the incident electromagnetic radiation is diffuse 
and bathes the exposed portion of the carrier uniformly in a randomly scattered manner. 

[0097] In another embodiment, the invention provides an assay device comprising a porous liquid-permeable carrier 
45 strip or sheet through the thickness of which electromagnetic radiation is transmissible diffusely, said carrier being 
within a casing, said carrier including at least one detection zone in which an assay result is revealed by specific binding 
of a detectable material directly or indirectly to a binding agent immobilised in said detection zone, detection of said 
material being effected as a response to said electromagnetic radiation, and said casing having electromagnetic radi- 
ation transmitting regions enabling electromagnetic energy from an external source to be passed through said device, 
so said detection zone lying in the electromagnetic radiation path between said electromagnetic radiation transmitting 
regions. 

[0098] Preferably, the porous carrier strip orsheet comprises paper, nitrocellulose orthe like, preferably of a thickness 
not exceeding 1 mm. 

[0099] In yet another embodiment, the invention provides an assay device and assay result reader combination, 
55 wherein: 

a) said device comprises a porous liquid-permeable carrier strip or sheet through the thickness of which electro- 
magnetic radiation is transmissible diffusely, said carrier preferably being within a casing or cover, said carrier 
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Including at least one detection zone in which an assay result is revealed by specific binding of a detectable material 
directly or indirectly to a binding agent immobilised in said detection zone; 

b) said casing or cover, if present, has electromagnetic radiation transmitting regions enabling electromagnetic 
5 radiation from an external source to be passed through said device, said detection zone lying in a path between 

said transmitting regions; 

c) said assay result reader has receiving means for receiving at least a portion of said device, said portion including 
said detection zone to present said detection zone to reading means, said reading means incorporating a source 

10 of uniform electromagnetic radiation and one or more sensors located such that upon insertion of said device into 

said receiving means, electromagnetic radiation can be passed through said device and the intensity of electro- 
magnetic radiation emerging from said device can be detected by said sensor(s). 

[0100] Preferably, said receiving means incorporates interlocking means engagable with corresponding interlocking 
15 means on said device to ensure that upon receipt of said device by said reader said detection zone(s) is located and 
maintained in a predetermined spacial relationship relative to said reading means. 

[0101] Preferably, said receiving means includes actuating means triggered by said receipt of said device, said ac- 
tuating means causing said reading of said detection zone(s) to be initiated. 

[0102] If the assay device is provided with a casing, it is advantageous if said device casing includes internal regis- 
20 tration means which engages with corresponding registration means associated with said carrier such that said detec- 
tion zone within said device casing is located in a predetermined spacial relationship relative to said registration means 
on said device casing. Preferably, said internal registration means comprises a pin or the like, engagable with a hole, 
indentation of the like in said carrier, said detection zone being at a predetermined location on said carrier relative to 
said hole or indentation. 

25 [0103] During manufacture of said assay device, said corresponding registration means may be used to facilitate or 
control accurate formation, e.g. by means of reagent printing techniques, of said detection zone on said carrier. In 
addition, or alternatively, accurate placement of said carrier within said device casing can be facilitated or controlled 
by said registration. 

[0104] In a further embodiment, the invention provides an assay result reader, for use in conjunction with an assay 
30 device comprising a porous liquid-permeable carrier strip or sheet through the thickness of which electromagnetic 
radiation is transmissible, said carrier including a detection zone in which an assay result is revealed by specific binding 
of a detectable material directly or indirectly to a binding agent immobilised in said detection zone, detection of said 
material being effected as a response to said electromagnetic radiation, said assay result reader comprising: 

35 a) receiving means for receiving at least a portion of said assay device, said portion including said detection zone; 

b) reading means associated with said receiving means, said reading means comprising: 

i) at least one source of uniform diffuse (preferably electromagnetic radiation; and 
40 ii) one or more sensors capable of detecting the intensity of said electromagnetic radiation; 

said source and said sensor(s) being positioned such that when said portion of said assay device is received within 

said receiving means, said detection zone is disposed in a path between said source and said sensor(s). 

[01 05] The assay device/reader combination can be supplied to the consumer as a single test kit. In general however, 

45 whereas the reader will be a relatively permanent unit which the consumer can use time and again (and which may 
be provided with an electronic memory/data-processing facility which enables the results of many sequential assays 
to be evaluated) the testing devices will be intended for use only once and thereafter will be discarded. Accordingly, 
the test devices may be supplied to the consumer separately from the reader, e.g. in multi-packs. 
[0106] By ensuring precise interlocking between the testing device and the reader, and also ensuring precise regis- 

so tration of the location of the detection zone within the testing device itself, the testing zone will be presented to the 
reader in a constant pre-determined position every time a testing device is inserted into the reader. The construction 
of the optical system within the reader (light source and sensors) can therefore be kept as simple as possible, because 
it is not essential for the sensors to include any scanning facility, for example, which would otherwise be required if the 
exact location of the detection zone was not known. By avoiding the need for a sophisticated optical reading system, 

55 the cost of the reader/monitor may be reduced. Simplification of the optical reading system may also enable the reader/ 
monitor to be of small size which will assist convenient and unobtrusive use in the home. Of course, a scanning facility 
can be included in the reader if desired. 

[0107] An additional benefit of providing an internal registration system which ensures precise location of the detec- 
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tion zone within the test device, is that automated manufacture and quality control of the testing devices can be facil- 
itated. Because it is envisaged, for example, in the case of an ovulation cycle monitor, that the consumer will need to 
use several testing devices each month, the testing devices may need to be manufactured in large numbers at low 
cost. Internal registration can facilitate automated manufacture and high throughput. 

5 [01 08] In principle, any electromagnetic radiation can be used to effect the transmission measurement in the inven- 
tion. The electromagnetic radiation should preferably be capable of being rendered diffuse. Preferably the electromag- 
netic radiation is light in the visible or near-visible range. This includes infra-red light and ultra-violet light. It is generally 
envisaged that the detectable material used as a label in the assay is one which will interact with light in the visible or 
near visible range, eg. by absorption. The wavelength of the electromagnetic radiation chosen is preferably at or near 

10 a wavelength which is strongly influenced, eg. absorbed, by the label. For example, if the label is a substance which 
is strongly coloured, ie. visible to the naked human eye when the material is concentrated, the ideal electromagnetic 
radiation is light of a complementary wavelength. Particulate direct labels, for example, metallic (eg. gold) sols, non- 
metallic elemental (e.g. Selenium, carton) sols, dye sols and coloured latex (polystyrene) particles are ideal examples. 
For instance, in the case of blue-dyed latex particles, the ideal electromagnetic radiation is visible red light which will 

15 be strongly absorbed by the blue particles. 

[01 09] In a preferred embodiment of the invention, the transmitted electromagnetic radiation reaching the sensor(s) 
should be diffuse. The diff useness may arise as a consequence of transmission of the electromagnetic radiation through 
the carrier strip or sheet, but more preferably is contributed by the source of the electromagnetic radiation emitting the 
energy in a highly diffuse form. In a preferred embodiment of the invention the source produces highly diffuse radiation 

20 and the carrier strip or sheet through which this radiation subsequently is transmitted is in comparative terms a much 
weaker diffuser. 

[0110] A primary advantage of the use of diffuse light or other radiation in the context of the invention is that the 
reading of the assay result is much less likely to be adversely influenced by blemishes or contaminating material on 
the assay device. For example, dirt or scratches on the assay device in the region through which the radiation must 
25 be transmitted could strongly interfere with the accuracy of the determined result if focused rather than diffuse light is 
used. By the use of a diffuse light source in accordance with the invention, it is possible to provide an assay result 
reader which can accurately interpret the result of an assay conducted even in an essentially transparent assay device 
without the assay result being adversely affected by minor contamination or damage (eg. superficial scratches) to the 
assay device. 

30 [0111] In a preferred embodiment of the invention, the electromagnetic radiation from the source is pulsed. By syn- 
chronising the detectors (sensors) so that they function only in phase with the pulsed radiation source, it is possible to 
eliminate any background interference that might be caused by external radiation, e.g. ambient light. It is envisaged 
that the assays will mostly be conducted under circumstances of natural daylight or, even more often, artificial light. 
Artificial light is usually of a pulsed nature (typically 50-1 00Hz) caused by the alternating nature of electricity supplies. 

35 By adopting a pulsed radiation source for the illumination of the assay device within the reader, the intrusion of natural 
daylight can be ignored. By selecting the pulse frequency such that it is sufficiently different from the prevailing artificial 
light, any interference due to artificial light can also be avoided. Preferably the pulse frequency of the energy should 
be at least about 1 kHz. An ideal pulse frequency is about 1 6 kHz. The electronics necessary to achieve synchronous 
pulsed sensing are familiar to those skilled in the art. 

40 [0112] The use of pulsed light is very advantageous because it renders it unnecessary for the monitor to be "light 
tight". 

[01 13] Not merely does this simplify the construction of the monitor but the reading of the assay result can be per- 
formed while the monitor is "open", thus simplifying the operation for the user. 

[0114] The source of light or other electromagnetic radiation can comprise entirely conventional components. Ideal 
45 examples are commercially available LED's, preferably chosen to give a suitable wavelength of light that is strongly 
absorbed by the detectable material concentrated in the test zone(s). Light from the LED's should be passed through 
a strong diffuser before reaching the assay device. If desired, an array of LED's which are energised in turn can be used . 
[0115] Suitable diffusers can be made, for example, from plastics materials, and are available commercially. If nec- 
essary, the light-scattering properties of the diffusing material can be enhanced by including particulate materials such 
so as Titanium dioxide and Barium sulphate. An ideal diffusing material comprises polyester or polycarbonate, containing 
Titanium dioxide. A good inclusion level for the particulate material is at least about 1% by weight, preferably about 
2%. By the use of a diffuser, all relevant regions of an assay strip may be measured simultaneously, and differences 
in light output from the source are eliminated. 

[0116] The sensor(s) to detect emergent light can be conventional components such as photodiodes, e.g. silicon 
55 photodiodes. 

[0117] Preferably, a second diffuser, which can be made from the same material as the primary diffuser, is located 
in front of the sensor(s). This ensures that the view seen by the sensor is not affected by the presence or absence of 
a test strip in the reading head. In consequence, the monitor can be calibrated in the absence of a test strip, and then 
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measure an assay result in the presence of an assay strip. 

[01 1 8] By employing a uniform light source in accordance with the invention, it is possible to provide a reading system 
for test strips and the like which is relatively tolerant to variation in the placement of the test zone(s) from one strip to 
another, in the absence of a scanning sensor. Further benefits are obtained if test zone placement is controlled, as 
5 described herein. 

[01 1 9] For the purposes of enhancing the likelihood of conception, assay devices have already been marketed which 
enable the user to monitor the urinary concentration of luteinizing hormone (LH) which peaks sharply approximately 
one day in advance of ovulation. Daily testing of urinary LH concentration is conducted, for example using "dipstick" 
technology with the assay result being provided by a coloured end point, the intensity of the colour being proportional 

io to LH concentration. By providing the consumer with a colour chart which enables the daily result to be compared 
against a standard, the "LH surge" can be detected simply by eye. Unfortunately, the monitoring of LH concentration 
is a very rare example of an assay relying on semi-quantitative data which is amenable to such simple technology, 
being possible only because in relative concentration terms the LH surge is such a dramatic event. For most other 
potentially useful assays the analyte concentration changes in body fluids are much more subtle and only detectable 

is accurately by instrumental means. 

[0120] A need therefore exists to extend the currently available qualitative home-use testing technology into the area 
of precise quantitative testing. A convenient example, which is a logical extension of the present consumer interest in 
home-use pregnancy testing and ovulation prediction testing, is the extension into accurate monitoring of the ovulation 
cycle, not merely to enhance the likelihood of conception but indeed to provide reliable information for the purposes 

20 of contraception. Proposals have been made to analyse body fluids with this objective in mind. A common theme is to 
monitor periodic fluctuations in various hormone metabolite levels in urine. 

[0121] The invention can be used in the determination of any body fluid analyte, especially in the monitoring of the 
human ovulation cycle by the determination of one or more hormones or metabolites thereof in body fluid, such as 
urine, for example either LH and/or estrone-3-glucuronide (E3G). 

25 [0122] Within the preferred context of the present invention it is envisaged that a home-use sample liquid testing 
device will include a porous carrier material, such as a strip, through which applied sample liquid such as urine can 
permeate and wherein the assay result occurs by means of specific binding of a detectable material in a precisely- 
defined region (detection zone) of the carrier, such as a narrow line or small dot, containing an immobilized specific 
binding reagent. The invention is therefore concerned with ways in which localisation of a detectable material in such 

30 a detection zone can be determined accurately in a simple and cost-effective manner. Home-use devices for the anal- 
ysis of urine, for example in pregnancy tests and ovulation prediction tests, are now widely available commercially. 
Many such devices are based on the principles of immunochromatography, and typically comprise a hollow casing 
constructed of plastics material containing a porous assay strip carrying pre-dosed reagents. The reagents within the 
device may include one or more reagents labelled with a direct label, such as a dye sol, a metallic (e.g. gold) sol, or a 

35 coloured latex (e.g. polystyrene) microparticle, which are visible to the eye when concentrated in a comparatively small 
test area of the strip. The user merely needs to apply a urine sample to one part of the casing to initiate the assay. The 
assay result becomes visible by eye within a few minutes without further action by the user. Examples of such devices 
aare described in EP-A-2911 94 and EP-A-383619. Sample collection is conveniently achieved by means of a bibulous 
member which forms part of the device and which can readily take up sample liquid, e.g. from a urine stream. Optionally 

40 the bibulous member can protrude from the casing of the device to facilitate sample application. 

[0123] A further embodiment of the invention is an electronic device for monitoring the fertility status of the human 
ovulation cycle and providing a user of said device with an indication of said fertility status, comprising: 

a) reading means for reading a dual-analyte assay device as described herein; 

45 

b) information processing means for determining from said reading of said assay device, body fluid sample con- 
centration values for said at least two analytes; 

c) information processing means and memory means for deriving from said determined concentration values and 
50 from previously determined concentration values an indication of the current fertility status of a human subject 

under test; and 

d) display means for communicating said current fertility status to said user of said electronic device. Preferably, 
the device additionally comprises receiving means for receiving said assay device, said reading means being 

55 located within said receiving means. Reading is best achieved by optical transmission through said assay device 

while received by said receiving means. Preferably the display means comprises one or more light sources which 
provides a coloured signal to said user, a variation in said fertility status being indicated by a colour change. 
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[0124] Other embodiments of the invention, which will be apparent from the following detailed description, include 
assay devices for use as part of the reader/assay device combination, methods of manufacturing such assay devices, 
and methods of use of such assay devices and readers. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0125] By way of example only, assay devices and readers in accordance with the invention will now be described 
with reference to the accompanying drawings, of which: 

[01 26] Figure 1 shows a general view of a sheet of porous material, e.g. paper, during the course of reagent deposition 
10 on the sheet and sub-division of the sheet into assay strips. 

[01 27] Figure 2 shows an "exploded" view of an assay device of the invention incorporating an assay strip made as 
shown in Figure 1 . 

[0128] Figure 3 shows in diagrammatic cross-section an assay device of Figure 2 located within the reading head 
of a monitor in accordance with the invention, working by light transmission through the assay strip. The y axis is 
15 distorted to show the arrangement of components. 

[01 29] Figures 4a, 4b and 4c show in partially "exploded" form the main features of a complete monitor in accordance 
with the invention, namely: 

Figure 4a: the lid and upper half of the casing; 

20 

Figure 4b: an electronic circuit board incorporating a reading head; 

Figure 4c: the lower half of the casing and associated battery container. 

25 Figure 5 shows the reading head seen in Figure 4b on an enlarged scale. 

Figure 6 shows a view directly downwards into the test device receiving slot of the reading head of Figure 5. 

Figure 7 is a cross-section of one end of a test device designed for insertion into the receiving slot of the reading 
30 head. 

Figure 8 shows, in schematic form, the basic functions that may be required in an electronic monitor for use in 
accordance with the invention, as applied to the human ovulation cycle. 

35 Figure 9a shows a dual-analyte test strip. 

Figure 9b shows in longitudinal cross-section an assay device including the test strip of Figure 9a. 

Figures 9a and 9b are described under Example 5 below. 

40 

DETAILED DESCRIPTION OF AN ASSAY DEVICE/MONITOR COMBINATION 

[0130] Referring to Figure 1, the sheet 100 of porous material, e.g. nitrocellulose, is intended to be divided into a 
plurality of identical assay strips 1 01 by cutting along central axis A-A and the lateral axes B-B. 

45 [0131] Parallel lines (102-107) of assay reagents are placed on sheet 100 prior to sub-division. For the purposes of 
example only, the reagents are assumed to be a first immobilised antibody in lines 1 02 and 1 07, and a second different 
immobilised antibody in lines 103 and 106. Reagent deposition can be by means of a "pen" 108 or the like operated 
on a computer-controlled "x-y" plotting mechanism (not shown) and fed with appropriate buffered reagent solution via 
a metered flexible tube 109. If the material of sheet 100 is nitrocellulose, reagents such as antibodies and antigens 

so can be immobilised by simple direct application onto the nitrocellulose, followed by blocking of the sheet material, for 
example with albumen or polyvinyl alcohol. Following reagent deposition and blocking, two lines 1 04 and 1 05 of mobile 
labelled reagent, such as antigen (e.g. E3G) or another antibody (e.g. anti-LH) labelled for example with a particulate 
direct label such as coloured latex, can be deposited. This deposition can be for example by means of another pen 
(not shown). Alternatively, the labelled reagent(s) can be held in a separate porous pad or the like, rather than being 

55 applied directly to the test strip material. 

[0132] In order to achieve precise location of the reagent-containing lines, each longitudinal periphery 110, 111 of 
sheet 1 00 is pierced with a plurality of identical small holes 1 1 2 each one being situated within the width of a designated 
strip 113. Holes 112 are made in sheet 100 prior to the deposition of any reagents. The untreated sheet is located on 
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a frame (not shown) or similar operating surface by means of a bar 1 1 4 pressed downwardly onto each lateral periphery 
of the sheet. Only one of these bars is (partially) shown. Each bar has a plurality of downwardly projecting pins 115, 
each of which locates precisely into one of the holes 112. The tracking of the reagent-depositing pen 108 is registered 
precisely with the position of the bars holding the sheet, and accordingly the reagent deposition is made in a prede- 

5 termined precise line relative to the perforations in the sheet. 

[0133] Following all necessary reagent depositions and other treatments of the sheet, the sheet is subdivided by 

cutting means (not shown) into individual identical strips 1 01 . Each individual strip therefore contains one locating hole 

112 with two reagent-containing lines or reaction zones (e.g. 102 and 103) located relative to hole 112 in precise \ 

predetermined positions extending across the width of each strip. At a location remote from hole 11 2 is a region (e.g. 

10 104) of the strip bearing the mobile labelled reagent. The exact position of the labelled reagent relative to the hole is 
not necessarily as critical as the location of the reaction zones. 

[0134] Referring to Figure 2, an assay device of the invention comprises a plastics casing having upper and lower 
halves 200 and 201 adapted to contain the assay strip 1 01 and also a bibulous sample receiving member 202 which 
can extend out of one end 203 of the assembled casing. In the assembled device the bibulous receiving member 202 

15 overlaps the end 204 of the assay strip adjacent to the deposited labelled reagent. The upper half 200 of the casing 
includes a window or aperture 205 through which both detection zones 1 02 and 1 03 can be observed from outside the 
casing. Upper half of the casing contains on its external surface 206 a circular depression 207 on the central longitudinal 
access of the casing a short distance beyond the observation window relative to the end 203 of the casing accommo- 
dating the sample receiving member. On the inside of the upper half of the casing is a downwardly extending pin or 

20 peg 208 located directly below depression 207. The diameter of the downwardly extending pin or peg 208 matches 
that of the hole 1 1 2 in the assay strip 1 01 , so that the strip can be positively located within the assembled device on 
the peg. 

[01 35] Lower half 201 of the casing also includes a light-transmitting window or aperture 209 which, in the assembled 
device, lies directly opposite to the result window 205 in the upper half of the casing. Lower half of the casing also 
25 contains a depression 21 0 which can accommodate the bottom end of the pin or peg 208 when the two halves of the 
casing are placed together to make an enclosure. 

[0136] In the assembled device, the act of enclosing the strip and bibulous member between the upper and lower 
halves of the casing causes the overlapping portions 204 and 211 of the strip and bibulous member to be crimped 
together to provide a good moisture-conductive junction. 
30 [0137] It is generally envisaged that the material of the casing will be opaque, e.g. white or coloured plastics material, 
but the casing can be translucent or indeed transparent if desired. 

[0138] Referring to Figure 3, the assay device 300 is seen located within a slot 301 in a monitor 302. This region of 
the assay device includes the two opposing windows 205 and 209. 

[0139] The casing of the monitor is slotted to receive the portion of the assay device incorporating the result windows. 

35 On opposing sides of the slot is a light source 303 and a reading head 304. 

[0140] The slot incorporates a button or projection 305 which can fit into the depression 207 on the external face of 
the casing of the assay device. Precise positive location of the casing within the slot is therefore achieved. Because 
the depression is in a fixed position relative to the internal pin or peg 208 within the assay device, and hence the 
registration hole 112 in the assay strip 101 , the two detection zones 102 and 103 on the strip are located in a precise 

40 position relative to the reading head. The hole in the assay strip therefore acts as a positive reference throughout the 
manufacture of the assay device and ensures that after the device has been used and presented to the monitor the 
detection zones on the strip will be in the same position relative to the reading head each time. Accordingly there is 
no need for the reading head to incorporate a scanning facility to locate the detection zones in each presented device. 
[0141] The light source or illuminator 303 incorporates a plurality of LEDs 306 to generate light, and this shines onto 

45 the assay strip via a diffuser 307 and the observation window 209 in the lower half of the assay device casing. The 
light passes through the thin nitrocellulose strip 101 and exits the assay device through the result window 205 in the 
upper half of the casing. Immediately outside window 205 is a second diffuser 308. After passing through the second 
diffuser 308, the light encounters a plate 309 having a plurality of apertures 310-314. There are five apertures in total, 
two of which (311 , 313) are adjacent to the detection zones and the others (310, 312 and 314) lie in positions on either 

so side of these detection zone apertures. The apertures are of slit form corresponding to the detection lines on the strip. 
The width of each of the two apertures 311 and 313 corresponding to the detection zones themselves is double the 
width of each of the three other apertures, which act as controls. 

[0142] The light passing through these apertures travels down a corresponding slot 315-319 in a baffle plate 320. 
At the far end of each slot is a light detector 321 . The detectors 321 are of identical size and specification. At the front 
55 face 322 of the baffle plate 320, each slot is of the same size as the corresponding aperture. At the rear face of the 
baffle adjacent to the light detectors each slot is of the same size as the face of the light detector adjacent to it. Ac- 
cordingly, the two slots (316, 318) associated with the detection zone apertures are parallel-sided. The three slots (315, 
317 and 319) associated with the control apertures increase in size as they progress towards the light detector. 
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[0143] The slot in the monitor can also accommodate gripping or biasing means such as one or more spring-loaded 
plates or pins (not shown) to further enhance the positive location of the assay device within the slot. 
[01 44] Ideally, the same optical signal is derived from each aperture irrespective of the precise line position opposite 
the apertures. The apertures can be of different sizes to promote this objective. The dimensions of the reference zone 
5 should be chosen to correspond as closely as possible with the actual area of the detection zone on the strip. 

[0145] To reduce the possibility of cross-talk between the apertures, the assay strip should be held as close as 
possible to the apertures when the assay device is located in the slot in the monitor. 

[0146] As described above, there are five optical measurement channels in the reading device. In addition, there 
can be a sixth electronic reference channel that provides calibration of the electronic gains in the detector circuitry. 
10 [01 47] A typical test strip may exhibit a gradient of detectable label concentration along its length, against which the 
detectable label at a reaction zone must be measured. To accommodate this measurements are ideally made either 
side of the reaction zone on the test strip. The signal from the reaction zone can be expressed as a ratio of the total 
signal recorded from the two adjacent reference areas on the strip. 

[01 48] The five measurement channels are divided into two reaction zones and three reference zones. One reference 
15 zone, located between the two reaction zones provides a reference optical measurement to both reaction zone meas- 
urements. 

[01 49] A reflectance measuring system must all be mounted on one side of the test strip. To achieve the same level 
of compactness for a five channel reading device would require the use of (relatively) expensive custom components. 
A transmission design can be made entirely from commercially-available, high volume optoelectronic components, 

20 facilitating the production of a monitor that is compact and relatively cheap. 

[0150] The five detectors 321 are mounted on the back face of a baffle plate. Each detector views the test strip 
through an aperture in the baffle. The baffle prevents light viewed through one aperture from falling on adjacent de- 
tectors, and also provides accommodation for line placement tolerance. The position of the test zone within the field 
of view of a detector may vary from one edge of the aperture to the other in the x-axis. Any variation in the signal arising 

25 from this effect is a function of the angular displacement relative to the centre of the measuring detector. The depth of 
the baffle can be chosen to control the possible angular displacement of the test zone with respect to the detector, and 
to maintain the accuracy of the reading. 

[0151] The projection 305 is maintained in precise location with respect to the apertures. The reference pin locates 
into depression 207 in the test device casing. This depression is also precisely located with respect to the internal pin 
30 208 moulded into the test device, on which the test strip is located by it's own locating hole punched through the strip. 
The reaction zones are precisely located with respect to the locating hole. In this manner, within manufacturing toler- 
ances, the reaction zones are held in precise positions with respect to the apertures through which the detectors view 
the test strip. 

[0152] The illuminator can consist of a series of LEDs embedded in or placed behind a diffusing medium which 
35 provides a uniform and diffuse illumination of the test strip covering the reference and signal zones. 

[0153] The incorporation of a diffuser between the apertures and the test strip is beneficial for calibration purposes, 
in order to calibrate each of the optical channels in the absence of the test strip it is highly desirable that each detector 
is collecting light from the same areas of the illuminator as is the case when a test device is present. The diffuser can 
be selected to be the dominant diffuser in the optical path so that the introduction of the test strip does not contribute 
40 significantly to changes in the illumination distribution observed by the detectors. In addition, the diffuser element can 
enable the optical assembly to incorporate a 'wipe clean' surface, desirable for long-term repeated performance of the 
optical assembly. By modulating the intensity of the illuminator, the optical channels can be calibrated, without the aid 
of moveable parts, 'invisibly* to the user prior to the insertion of a test device. 

[0154] The test strip can consist of an optically diffuse layer of nitrocellulose or the like, preferably sandwiched be- 
45 tween two layers of optically clearf ilm, e.g. of polyester such as "Mylar". The clear film protects the nitrocellulose within 
which the assay reactions take place. Making reflectance measurements through thin transparent films is particularly 
difficult because of problems arising from specular reflections. Transmission measurement allows the optics to be 
constructed orthogonal to the measuring surface and minimises the adverse effects of reflection. 
[0155] The invention is particularly applicable to the reading of test strips made of nitrocellulose and similar diffuse 
50 membranes that preferably do not exceed about 1 mm thickness. 

[0156] Turning to Figure 4a, the monitor comprises a moulded casing, eg. of plastics material, having a generally 
oval rounded shape. The casing principally comprises an upper half 400 and a lower half, only the upper half of which 
is seen in Figure 4a. Towards the right hand side of casing 400 is a recess 401 having a backwardly sloping rear face 
402. Rear face 402 incorporates an aperture 403 for a push button (not shown) , a window 404 to reveal a display panel 
55 (not shown) and two windows 405 and 406 to reveal coloured lights or other indicators (again not shown) to convey 
information to the user. Extending from the left end of recess 401 is a long slot 407 to provide access to a reading head 
(not shown). Recess 401 and slot 407 are closable by means of a lid 408 which is attached to the rear of the casing 
by two hinge points 409 and 410. The upper surface 411 of casing 400 is recessed slightly to accommodate the lid 
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when closed, so that the exterior of the closed device presents a relatively smooth continuous surface to the user. The 
lid can be flipped up to reveal the user-accessible features of the monitor. The lid is closable by means of a spring clip 
(not seen in Figure 4a) which extends upwards through an orifice 412 in the front edge 413 of the casing. Front edge 
413 of the casing incorporates a further orifice 41 4 through which a further indicator light (not shown) may be revealed. 

5 [0157] Turning to Figure 4b, the circuit board 430 is of rounded rectangular shape to match the interior shape of the 
casing, and carries all of the operational features of the monitor. These include a push button 431 which the user can 
press to initiate the monitoring of an ovulation cycle. When the circuit board is mounted within the casing and covered 
by upper half thereof, the push button is accessible through aperture 403. To the right of the push button is a visual 
display panel 432 such as a liquid crystal display which is visible to the user through window 404. To the right of the 

10 display panel are two light guides 433 and 434 which transfer, for example, coloured light (such as red and green) from 
two LEDs or similar lamps (not shown). Appropriate "chips" and memory circuits 435, 436 are mounted on the circuit 
board. A further light guide 437 mounted at the front edge 438 of the circuit board can convey light from another LED 
(not shown) to aperture 414. This light may indicate, for example, to the user that an assay is required. This light can 
be a different colour from the lights associated with display panel, eg. yellow. A battery connector 439 hangs from 

is beneath the circuit board for connection to batteries retained in the lower casing (see Figure 4c). Also at the front of 
the circuit board is a switch 440 operable by the spring catch of lid 408. 

[01 58] At the left hand end of the circuit board is mounted the reading head 441 which comprises a central receiving 
slot 442 to accommodate one end of an assay device (not shown). On the front of receiving slot 442 is an illuminator 

443 and immediately opposite at the rear of the slot is an optical sensing system 444 so that light can be passed across 
20 the slot (and through a testing device when inserted) and evaluated by the sensor. 

[0159] Turning to Figure 4c, the lower half 460 of the casing has an overall oval shape to match the upper half 400 
and provides accommodation for the circuit board 430. The front edge 461 of the casing 460 accommodates a spring 
loaded catch 462 to fasten lid 408 when closed. Catch 462 is released by pressure on the front face 463 eg. applied 
by a finger tip. The floor 464 of the casing includes a battery chamber (beneath), and a small access hole 465 is 
25 provided towards the right hand end of the casing through which the battery connector 439 can be passed and linked 
to batteries 466. The batteries are retained by a cover 467 which can be clipped to the underside 468 of the casing. 
[0160] The constituent parts of the casing can be moulded from high impact or similar plastics materials such as 
polystyrene and polycarbonate and held together by "push fit" clips or threaded screws or any other appropriate mech- 
anism. 

30 [0161] Turning to the enlarged illustration of the reading head, as seen in Figure 5, the slot 442 for receipt of an 
assay device is of parallel sided form, but its width is enlarged at its right hand end 500 in a stepped mannerto provide 
a pair of shoulders or abutments 501 , 502 against which a correspondingly enlarged portion of an assay device can 
be abutted. This can facilitate effective insertion of an assay device into the reading head. Within the narrower working 
part 503 of the slot is a button 504 mounted on the rear wall 505 of the slot, which must be fully depressed to activate 

35 the reading mechanism. Appropriate insertion of a testing device causes adequate depression of this button. 

[01 62] Also on the rear wall 505 of the slot is a fixed locating pin 506 which must engage with a corresponding hole 
in an inserted assay device. Also on the rear wall 505 is a light-transmitting panel 507 which covers the optical sensors. 
Panel 507 extends outwardly beyond the plane of rear wall 505 of the slot and has sloping edges 508, 509 to give it 
a distinctive profile. At opposite ends of the front wall 510 of the slot are two pins (not seen in Figure 5) which are 

40 biased outwardly into the slot, e.g. by spring mechanisms contained within two housings 511 , 512. 

[0163] These same features are illustrated in Figure 6 which is a view directly downwards into the receiving slot. The 
two biased pins 600, 601 are seen. The purpose of these pins is to provide biassing means to push an inserted assay 
device against the rear wall 505 of the slot. If the receivable portion of an assay device has appropriately shaped holes 
or depressions to accommodate the fixed locating pin 506 and the projecting panel 507, the assay device can be 

45 pressed sufficiently closely to the rear wall of the slot to depress the button 504 and initiate the optical sensing proce- 
dure. 

[0164] Figure 7 shows, in cross-section, part of an assay device 700 having a profile which can cooperate with the 
features seen in Figure 6. The assay device can be inserted into the slot with the broader central portion 701 abutting • 
against shoulders 501, 502. The leading end 702 of the assay device has a slightly bevelled edge 703 to facilitate 

50 insertion into the slot past pin 600. The assay device comprises a hollow casing containing a porous assay strip 704 
sandwiched between two sheets 705, 706 of transparent material. As described earlier, strip 704 is precisely located 
within the assay device casing by means of a pin 707 which extends through a hole 708 in the strip. On the outside of 
the assay device casing at a point corresponding to the centre of the locating pin 707 is a conical hole 709 which can 
accommodate the fixed locating pin 506 in the reader slot. Each side of the assay device casing has an aperture 71 0, 

55 711 which, when the assay device is inserted in the slot correctly, will be adjacent the light source 443 and light sensors 

444 respectively. The profiles of these two apertures are different and in particular the profile of the aperture 711 on 
the same face of the assay device as the conical hole 709 is shaped to match the profile of the projecting panel 507 
covering the light sensors. This ensures that the reading head will only operate when the assay device is inserted in 
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the correct orientation to ensure that the button 504 is depressed. 

[0165] It will be appreciated that the overall layout and general shape of the monitor can be subject to very consid- 
erable variation from that described above without departing from the scope of the invention. The general shape and 
layout of the reading head is dictated by the need to cooperate effectively with the assay device but this shape can be 

5 varied considerably. The layout and nature of the user accessible controls and information display features can likewise 
be subject to considerable variation and are dictated to a large extent by aesthetic considerations. 
[0166] The detailed electronics of a monitoring device capable of assimilating, remembering and handling analyte 
concentration data, as well as providing the preferred electronic features of the device discussed herein, and where 
appropriate predicting future events, such as the fertility status in an ovulation cycle on the basis of such data, can 

10 readily be provided by those skilled in the electronics art once they have been advised of the factors that such a device 
must take into consideration, and the information that the device must provide for the user. By way of example only, 
the basic functions that may be required in such a device are outlined in Figure 8 of the accompanying drawings and 
described briefly below. The individual features can be entirely conventional, and those familiar with the art of electronics 
will appreciate that other combinations and arrangements of such features can be employed to achieve the objectives 

15 of the invention. For example, so-called "hard-wired" systems, and "neural networks", can be used in place of conven- 
tional microprocessors based on "chip" technology. 

[0167] As depicted in Figure 8, the combination essentially comprises a reading unit 800 to derive information from 
a test device, such as an assay strip, the reading unit comprising an illuminator 801 and a reader 802 (represented 
here as a photo diode). The reading unit feeds into a conversion unit 803 to convert the optical signal into a form usable 

20 by a microprocessor 804. As an optional feature, a calibration system 805 is provided to convert the signal derived 
from the reading unit into data corresponding, for example, to an absolute concentration value. 
[0168] A timer, such as a clock 806 may be required to regulate measurements within a cycle. The microprocessor 
804 processes, memorizes and interprets results in the light of previous events, particularly recorded from previous 
cycles. The user interface 807 will generally comprise at least means, such as a push button, which the user can 

25 operate at the commencement of a cycle to initiate the operation of the device as a whole. The power supply 808 
should include means, such as a memory back-up capacitator 809, to prevent loss of historical data when it becomes 
necessary to replace batteries. 

[0169] Information can be conveyed to the user by means of a liquid crystal or LED display, for example. If desired, 
information on the state of fertility can be conveyed by a simple visual indication, eg a combination of colours showing, 
30 for example, green for infertile and red for fertile. Especially if the device is intended primarily as an aid to contraception, 
it should "fail safe" by showing a "fertile" signal. 

[0170] As described above, features 803 and 806 together correspond to feature 435 (Figure 4b), and feature 804 
corresponds to feature 436 (Figure 4b). 

[0171] Transmission spectrophotometry Is a widely used technique for the quantification of dye concentrations in 

35 clear liquid solutions. Commercially available spectrophotometers generally require substantial modification to make 
measurements on diffuse (scattering) solutions. Transmission spectrophotometry is not generally thought of an appro- 
priate method of measuring highly diffuse samples so it is generally only adopted where an alternative approach cannot 
be applied. For the purposes of the invention, transmission measurement offers positive benefits over the more usual 
reflectance approach previously employed on test strips. 

40 [0172] Some conventional strip assays employ reflectance measurement to assess dye concentration on the strip 
surface (e.g. glucose monitors). The chemistry of these assays occurs in a very thin layer on the surface of a test strip. 
In contrast, the chemistry of the preferred strip devices of the invention takes place throughout the thickness of the 
test strip. Because of variations in flow and reagent deposition, the concentration of detectable label captured at a 
reaction zone may differ according to depth. 

45 [0173] Curvature, surface materials, finish and solvent effects may vary the ratio of specular to diffuse reflection. For 
reflectance measurements it is the diffusely reflected light from the surface of the strip that carries the signal information 
(i.e. that light will have interacted with the detectable label), whilst the specularly reflected light will contain no infor- 
mation (as this light is the component that has just bounced off the surface without interacting with the detectable label 
in the diffuse strip). Without resorting to relatively bulky and expensive systems, it is difficult to design a reflectance 

50 measurement system that minimises specular reflection to the extent possible with transmission measurement, espe- 
cially using diffuse light as in accordance with the invention. 

[0174] Reflectance systems require the use of a test surface that must be removed from the optical path for the 
purposes of calibration. This reference surface must not deteriorate if it is to form a part of the optical assembly. In 
addition, mechanical movement is required to displace such a reference material when an assay strip needs to be 
55 measured. Such problems are avoided by the invention. 

[0175] In addition to the specific examples of detectable materials already mentioned herein, the invention can use 
as labels materials which block or reflect the electromagnetic radiation, rather than absorb it, e.g. "white" particles such 
as latex particles in their natural uncoloured state. Alternatively, the label can be a reactant or catalyst which participates 
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in the generation of a radiation absorbing or radiation-blocking material, e.g. an enzyme which reacts with a substrate 
to produce a detectable material, such as a coloured material, in the detection zone. 

EXAMPLES 

5 

[0176] Aspects of the invention are illustrated in the following Examples. These relate to the monitoring of the human 
ovulation cycle. 

EXAMPLE 1 

10 

[0177] This example sets out a convenient algorithm on which a monitoring method in accordance with the invention 
can be based. The kit provided to the user comprises a plurality of dual-analyte disposable urine testing devices, 
capable of assaying urinary E3G and urinary LH in a form readable by a monitor also provided. The disposable testing 
devices and the monitor are as described above. The monitor can receive each used testing device and determine the 
15 urinary concentration of each analyte. This information is stored in the monitor and compared with similar data obtained 
on subsequent days in the same cycle. The monitor has a menstruation button that the user must press at the start of 
the cycle, and a display panel or the like to convey information about cycle status, and to indicate to the user when 
testing should be performed. 

20 a) Algorithm rule structure 

[0178] The objectives are to: 

i) identify the position of the LH surge in an individual cycle; 
25 \\) identify a significant increase in E3G concentration in an individual cycle with respect to the E3G concentration 

on day 6 of that cycle; 

Hi) preferably, include a fail-safe procedure in the event of failure to identify a significant increase in E3G concen- 
tration within an expected interval. 

30 [0179] The number of tests available each routine month is limited to 8, and a test strategy which will maximise the 
chances of achieving i) and ii) is adopted. 

b) Start-up cycles 

35 [0180] In order to establish an adequate initial data base, during the first cycle of use the monitor requires sixteen 
tests. This is to establish baseline data for the individual. The user presses the menstruation button on the monitor on 
the morning after her menstruation begins. This day is recorded as day 1 by the monitor. Testing commences on day 
8 and continues daily until day 23. This testing is targeted to maximise the chance of observing the LH surge. 
[0181] At the start of cycle 2 and the start of all following cycles, the menstruation button is pressed as above. From 

40 cycle 2 onwards, eight tests only are used for each cycle. All eight tests must be from the same batch and all must be 
completed. In all cycles from cycle 2 onwards, testing commences on day 6. For cycles 2 and 3, tests two to eight are 
conducted on consecutive days starting on the typical LH surge day minus four days. From cycle 4 onwards, regarded 
as the first routine cycle, tests two to eight are conducted in sequence from typical LH surge minus five days. The 
typical LH surge day is defined as the mean day of LH surge for up to the previous six months. 

45 

c) Start of the fertile phase 

[0182] In cycle 1 , the monitor declares the woman fertile from day 6 onwards, as no information about cycle char- 
acteristics has been collected. In cycles 2 and 3, the monitor can use the typical position of the LH surge from the 
so previous cycle(s) to determine the start of the fertile phase. However, because of the limited amount of cycle data 
available, the monitor will still declare a woman fertile during cycles 2 and 3 on day 6 or on typical LH surge minus 7 
days, whichever is later. 

[0183] In subsequent routine cycles, the onset of the fertile phase is set by detection of a significant change in the 
E3G signal with respect to day 6. When the ratio of the current day's signal for E3G (Sj) to the day 6 signal (S 6 ) reaches 
55 a set threshold as set forth above, the woman is declared fertile. As a fail-safe, the monitor declares the woman fertile 
on the typical LH surge minus 2 days, in the absence of an earlier detected significant change in the E3G signal. 
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d) End of the fertile phase 

[01 84] In normal operation, the end of the fertile phase is defined as the fourth morning after the detection of the LH 
surge. In the absence of a detectable LH surge during the test sequence, the system declares the end of the fertile 

5 phase to be six days after the last test. The rationale for this calculation is as follows. The testing regime is designed 
to cover the typical position of the LH surge plus one day. Published WHO study data showed within-woman variability 
of LH surge position to be 1 .8 days. Adding five days to the declared fertile period after testing has been completed 
allows two standard deviations confidence that the LH surge will occur within the assigned fertile period. 
[0185] In non-normal operation (cycle 1), where the monitor has no information about the typical LH surge position, 

10 if this parameter is not detected, the end of the fertile phase is declared on cycle day 28. 

EXAMPLE 2 

[0186] This example uses representative E3G profiles from two women - one known to have low levels of urinary 
15 E3G and the other known to have relatively high levels. In the first two columns of each table, 30 days of each cycle 
are set out in terms of their fertility. The first phase is termed infertile and consists of that portion of the follicular phase 
during which unprotected intercourse would not be expected to result in conception, followed by a transitional phase 
during which changes occur that lead to a fertile state and during which a positive signal to indicate the onset of the 
fertile phase is required. The fertile phase is that phase before and after ovulation during which unprotected intercourse 
20 is most likely to result in conception. Its duration before ovulation is dictated entirely by the effective lifetime of sperm, 
and this, in turn is influenced by factors controlled by the female hormones, especially mucus. The post fertile, luteal 
phase is that time after which the ovum has left the uterus and conception in the current cycle is no longer possible. 
[0187] E3G values are given in the third column. These were derived by immunoassay on early morning urine sam- 
ples collected each day. The immunoassay was a conventional enzyme-labelled-antigen competitive assay. The values 
25 given are in ng/ml. 

[0188] Actual ovulation is taken as 24 hours following the LH surge. These LH values were determined by conven- 
tional enzyme-labelled sandwich immunoassay on the same samples, but the values are not included in the table as 
ovulation date is the essential result. 

[0189] The algorithm of Example 1 has been applied to each cycle, taking the E3G trigger point as: 

30 



INDIVIDUAL A 
[0190] 



40 



45 



50 



55 



CYCLE A 1: Start-up cycle 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




infertile 








2 




ii 








3 




a 








4 




u 








5 




a 








6 




u 




*** 




7 




n 




*** 




8 




H 


1.9 


*** 




9 




II 


3.1 


*** ■ 




10 




II 


5.4 


**# 




11 




II 


2.1 


*** 




12 




II 


5.3 


*#* 




13 




» 


10.5 


*** 




14 




a 


7.7 


*** 




15 




fertile 


5.2 






16 






8.3 


*** 





22 



EP 0 703 454 B1 



(continued) 



5 



15 



20 



CYCLE A 1 : Start-up cycle 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


17 




ii 


6.8 


*** 




18 


* 


u 


4.3 


**« 


LHS+ 1 


19 


* 


n 


. 4.9 


*** 




20 


* 


N 


5.3 


***' 




21 




postfertiie 


3.3 






22 






4.9 






23 




■I 


6.2 






24 












25 




u 








26 




II 








27 




II 








28 




II 








29 




II 








30 




(1 








LH surge was on day 


7, therefore repeated testing to commence on day 1 3 in next cycle. 



25 



30 



40 



50 



CYCLE A 2 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




Infertile 








2 




ii 








3 




ii 








4 




ii 








5 












6 


* 


ii 


3.5 






7 




ii 








8 












9 




ii 




*** 




10 








••* 




11 




ii 




*** 




12 








*** 




13 




ii 


8.9 


*** 




14 




fertile 


14.6 


#** 




15 




ii 


12.6 


*** 




16 




ii 


8.8 


*** 




17 




ii 


15.8 


*** 


LHS + 1 


18 






6.9 


**♦ 




19 






6.5 


*** 




20 




postfertiie 




*** 




21 












22 




ii 








23 




n 








24 




ii 








25 




ii 








26 




ii 








27 




n 








28 




ii 
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(continued) 



CYCLE A 2 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


29 
30 




ii 
ii 








Mean LHS of cycles A1 and 


A2 is day "1 6.5", therefore repeated testing to commence on day 1 2 in next cycle. 



10 



CYCLE A 3 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




infertile 








2 












3 












4 












5 












6 


• 




1 .0 






7 












8 








*** 




9 












10 








•** 




11 








•** 




12 


* 


fertile 


6.2 


*** 




13 


# 




23.6 


*#* 




14 


# 


ii 


21 .3 


*** 




15 


* 


ii 


8.3 


*** 


LHS + 1 


16 


* 


ii 


4.5 


*** 




17 


* 




3.7 


*** 




18 


* 


postfertile 


3.4 






19 




ti 








20 




ii 








21 




it 








22 




ii 








23 




n 








24 




n 








25 




ii 








26 












27 




n 








28 




ti 








29' 




» 








30 












Mean LHS from cycles A1 to A3: day "15.7". Repeated testing commencement day for first routine cycle: day 


10. Fail-safe day for the first routine cycle: day 13. 
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CYCLE A 4 




First routine cycle 




Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




infertile 








2 




ii 








3 




n 
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(continued) 





CYCLE A 4 










First routine cycle 








5 


Day Test ovulation 


Phase 


boo vaiue 


"Red" status 


Actual 




4 














5 














6 


* 




3.1 






10 


7 














8 














g 




ii 










10 


* 




0.1 








11 


• 


fertile 


16,7 


*** 




15 


12 


* 




10.8 


**• 






13 


* 




22.8 


*♦* 






14 


* 




21.3 


*** 


LHS + 1 




15 


* 




9.4 


*** 




20 


16 


* 




12.2 


#** 






17 




postfertile 










18 




■i 










19 














20 












25 


21 














22 














23 




ii 










24 




ii 








30 


25 




ii 










26 




■I 










27 




n 










28 




ii 










29 




ii 








35 


30 




ii 










Days warning of actual ovulation: 3 






Mean LHS from cycles A1 to A4: day "15.3". 




Repeated testing commencement day for next cycle: day 10. 


40 


Fail-safe day for the next cycle: day 13. 





CYCLE A 5 






Second routine cycle 




Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




infertile 








2 




n 








3 




I* 








4 




ii 








5 




ii 








6 


* 


ii 


4.8 






7 




ii 








8 












9 




ii 








10 


* 


ii 


8.5 
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(continued) 





CYCLE A 5 










Second routine cycle 






5 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 




11 


* 


ii 


7.3 








12 


* 


ii 


6.3 








13 


* 




7.0 


*** 




10 


14 


* 


fertile 


11.8 


#** 






15 


* 


ii 


19.3 


*** 






16 


* 


ii 


18.5 


*## 






17 




ii 




•*# 


LHS+1 




18 








*** 




15 


19 




ii 




*** 






20 




postfertile 










21 




ii 










22 




ti 








20 


23 














24 




ii 










25 




■I 










26 














27 




n 








25 


28 




ii 










29 




ii 










30 




n 










Days warning ol 


f actual ovula 


tion: 4 (triggered by fail-safe) 


30 


Mean LHS from cycles A1 to A5: day "15.4". 




Repeated testing commencement day for next cycle: day 10. 




Fail-safe day for the next cycle: day 13 





INDIVIDUAL B 

35 

[0191] 



CYCLE B1: 


Start-up cycle 




Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




infertile 








2 




N 








3 




n 








4 




M 








5 




11 








6 




U 








7 




n 








8 


* 


ti 


25.1 






9 


* 


ii 


10.1 






10 


* 


n 


16.8 






11 


* 


H 


28.2 






12 




11 


24.6 






13 


* 


•1 


28.7 






14 




II 


27.7 






15 


* 


II 


62.6 
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(continued) 



5 



15 



20 



CYCLE B1: Start-up cycle 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


16 




■■ 


68.5 


*** 




17 




fertile 


61.9 


*** 




18 




- 


103.4 


*** 




19 




■ 


85.4 


'*«* 




20 


* 




45.4 


**• 


LHS + 1 


21 






14.9 


*** 




22 






46.6 


*•* 




23 




postfertile 


49.3 






24 




h 








25 




ii 








26 




ii 








27 




(i 








28 




u 








29 




II 








30 




H 








LHsurgewasonday - 


9, therefore repeatedtestingto commence on day 15 in next cycle. 



25 



30 



50 



CYCLE B 2 | 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 






infertile 








2 






■I 








3 






ii 








4 






ii 








5 






ii 








6 




• 


ii 


28.9 






7 






ii 








8 






ii 








9 
10 






ii 








11 






• ti 








12 






n 




*** 




13 










*** 




14 






it 




*•# 




15 






fertile 


62.0 


*** 




16 






it 


94.6 


#** 




17 






ii 


58.4 


*** 


LHS + 1 


18 






ii 


42.4 


•** 




19 








60.4 


**♦ 




20 






ii 


56.0 


*** 




21 






postfertile 


35.0 






22 






ii 








23 






ii 








24 






n 








25 






ti 








26 






ii 








27 






it 









27 



EP 0 703 454 B1 



(continued) 



CYCLE B 2 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


28 
29 
30 




ii. 








Mean LHS 


from cycles B1 and B2 is day "17.5", therefore repeated testing to commence on day 1 3 in next cycle. 



10 



CYCLE B 3 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




infertile 








2 












3 




ti 








4 












5 




n 








6 


• 


it 








7 




ii 








8 




■1 








9 




ii 








10 












11 




ii 




**« 




12 




ii 




*** 




13 




ii 


23.9 






14 




fertile 


DO .O 


*** 




15 






22.1 


*** 




16 




■I 


65.9 


•** 




17 






41 .2 


*#* 


LHS + 1 


18 




» 


7.6 


*** 




19 






35.3 


*** 




20 




postfertile 








21 












22 












23 












24 












25 












26 












27 












28 












29 












30 












Mean LHS from cycles B1 to B3: day 1 7. 






Repeated testing commencement day for first routine cycle: day 1 2. Fail-safe day for the first routine cycle: day 


15 









55 



CYCLE B 4 










First routine cycle 










Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




infertile 









28 
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(continued) 





CYCLE B 4 










First routine cycle 








5 


Day Test ovulation 


Phaco 
rildac 


COO Value 


"Red" status 


Actual 




2 














3 




ii 










4 












10 


5 




ii 










6 


* 


n 


Hon 
12.9 








7 




ii 










8 














9 












15 


10 














11 














12 


* 


n 


oo.o 


*** 






13 


* 


lerciie 


/ u.o 


*** 




20 


14 


* 


ii 


"7/1 R 








15 


* 


ii 


/U.O 


*** 






16 


* 




49.7 


*** 


LHS + 1 




17 


* 






*** 






18 


* 


ii 


OO Q 


*** 




25 


19 




posttertiie 










20 














- 21 














22 




ii 








30 


23 




n 










24 




ii 










25 




ii 










26 




■t 










27 












35 


28 




ii 










29 




<i 










30 




ii 










Days warning o 


f actual ovulation: 4 




40 


Mean LHS from cycles B1 to B4: day "16.5". 


Repeated testing commencement day for next cycle: day 11 . 




Fail-safe day for the next cycle: day 14 





CYCLE B 5 




Second routine cycle 




. Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 




infertile 








2 




ii 








3 












4 




ti 








5 




M 








6 


* 


II 


7.2 






7 




11 








8 




II 









29 
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(continued) 





CYCLE B 5 










Second routine cycle 








5 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 




9 














10 














11 


* 




14.1 






10 


12 


# 




17.4 








13 


* 




41.3 


*** 






14 


* 




57.5 


*** 






15 


* 


fertile 


42.0 


*** 






16 


* 




55.4 


*** 




15 


17 


* 




60.1 


*#* 






18 








*** 


LHS + 1 




19 








*** 






20 








*** 




20 


21 




postfertile 










22 














23 




u 










24 




It 










25 




It 








OK 


26 




II 










27 














28 














29 




II 








30 


30 




II 










Days warning of actual ovulation: 5 






LHS detected on last day at testing. Mean LHS from cycles B1 to B5: day 




"16.6". 












Repeated testing commencement day for next cycle: day 11 . 


35 


Fail-safe day for the next cycle: day 14 





EXAMPLE 3 

[0192] This example illustrates a very simple but convenient human contraceptive system, relying solely per cycle 
on a limited number of assays for the urinary analyte E3G. 

[0193] The user is provided with a ■monthly' batch of 8 identical disposable assay devices, each comprising an assay 
strip to which a urine sample can be applied, the strip including all necessary reagents to enable a signal indicative of 
the E3G concentration to be provided, for example by a competition reaction involving a labelled specific binding reagent 
which becomes bound in a detection zone on the strip in an amount directly or inversely proportional to the E3G 
concentration in the urine sample. An optica! electronic reader is also provided, which converts signal information from 
the used strip into numerical data and processes this data to provide the user with appropriate information concerning 
cycle status. 

[0194] An initial urine assay is performed on day 6 of the current cycle (day 1 being the day on which menses is first 
observed), to establish a base reference for the E3G concentration in this cycle. 

[0195] A second urine assay is performed on day 9, and each day thereafter, until either all tests are used up, or 
until an indication of an elevated E3G concentration indicative of imminent ovulation is given. A sufficiently elevated 
E3G concentration is declared when the ratio of the reference concentration [r] to the test concentration [i] first meets 
the criterion: 
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in the case of direct proportionality between the test signal and the E3G concentration, or 



5 

in the case of inverse proportionality. 

[0196] Unprotected intercourse is avoided on the day the sufficiently elevated E3G concentration is detected, and 
for 1 2 immediately successive days thereafter. 

[0197] If a sufficiently elevated E3G concentration is not detected before all of the tests have been used, unprotected 
10 intercourse is avoided for 15 immediately successive days following the last test day. 

[01 98] As a further fail-safe, the E3G peak (as hereinbefore defined) is used to record the day of ovulation in previous 

cycles, and the user is advised that the fertile phase has commenced if a sufficiently elevated E3G concentration is 

not detected prior to 3 days before the mean ovulation day. 

[01 99] Conception does not occur. 
15 [0200] This example provides the benefit to the user that only a few tests are required per month. Manufacturing 

simplicity is also provided, because only one analyte (E3G) is assayed. 

[0201] If desired, the assay can be made more sophisticated, for example by enabling the event of ovulation to be 
detected by including urinary LH concentration data, and by pooling data from previous cycles, so that the abstinence 
period may be reduced further without increasing the likelihood of conception, as described generally hereinbefore. 

20 

Example 5 

[0202] This Example illustrates a combined LH/E3G assay according to the invention. The physical construction and 
methods of manufacture of appropriate devices, including manufacture of reagents, are described in detail in EP-A- 

25 291194 and EP-A-38361 9. 

[0203] The E3G latex is prepared by combining blue-coloured latex particles (mean diameter 380 nm) with an anti- 
E3G monoclonal antibody of affinity in solution of about 10 10 litres/mole. The antibody (170 u,g/ml) is mixed with latex 
particles (0.5% solids) In a sodium borate buffer at pH 8.5. Vacant binding sites on the latex surface are blocked with 
BSA [25 mg/ml]. The latex is then washed to remove non-adsorbed materials. 

30 [0204] The LH latex is prepared from an anti-beta LH monoclonal antibody adsorbed onto blue-coloured latex par- 
ticles (380 nm). This process is carried out with an antibody to latex ratio of 1 00 uxj/ml to 0.5% solids in a sodium borate 
buffer (pH 8.5) containing ethanol (ratio of 6 to 1 v/v), followed by blocking the vacant binding sites with BSA (25 mg/ 
ml). The latex is then washed to remove non-adsorbed materials. 

[0205] A sheet (1 .4mm thick) of commercially-available, detergent pre-treated, macroporous polyethylene having a 
35 pore size of about 100 microns is saturated with an aqueous suspension of equal amounts of both populations of the 

latex particles as prepared above, 0.008% total solids, in a Tris buffer at pH 8.5 containing 3% BSA and 1% sugar. 

The sheet is freeze-dried and cut into portions each 6x12 mm, having a liquid capacity of about 50 uX. 

[0206] The solid phase strip on which the levels of E3G and LH are detected is nitrocellulose, of 8u. nominal pore 

size, bonded to a polyester backing sheet. An E3G-protein (ovalbumen) conjugate, and an anti-alpha LH antibody, are 
40 separately plotted as lines onto the nitrocellulose at different locations (see Fig. 9) using solutions containing 2mg/ml 

of the respective reagent in phosphate buffer at pH 7.4. The nitrocellulose is blocked with PVA before being cut into 

strips. 

[0207] The above reagents are used in the assembly of an assay device as generally described and illustrated under 
embodiment 1 of EP-A-38361 9. 

45 [0208] Figures 9a and 9b of the accompanying drawings illustrate the device. 

[0209] Figure 9a shows the strip 901 of nitrocellulose on a backing strip 902 of transparent polyester. The strip has 
a length of 40mm and width 6mm. Line 903 represents the position of the anti-LH antibody immobilised on the strip. 
This line is approximately 1mm wide and is centred 10mm from the left hand end 904 of strip 1. Line 905 represents 
the position of the immobilised E3G. This is also a line of about 1mm width and is centred 16mm from the left hand 

so end of the strip. 

[0210] Figure 9b shows the assembled device in cross-section. The device comprises a casing having an upper half 
910 and a lower half 911 . A bibulous sample receiving member (wick) 912 protrudes from the left hand end 913 of the 
casing. The macro-porous body 91 4 containing the two populations of latex particles is in contact with the wick within 
the casing. The casing also contains the strip 901 and its associated backing sheet 902. Sample liquid applied to the 
55 sample collector 912 can migrate via macro-porous body 914 into strip 901. The casing has an upper aperture or 
window 91 4 and a lower aperture or window 91 6 arranged opposite one another such that light can be passed through 
the casing from one side to the other and in so doing will pass through a portion of the strip. This portion contains both 
reagent lines 903 and 905. Terminal portion 917 of the casing can contain a sink or desicant, if desired. 
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[0211] When a urine sample containing LH and E3G is applied to the device it migrates via body 914 and into the 
strip. The two populations of latex particles are released and conveyed with the sample. Depending on the concentra- 
tions of the two analytes in the sample, the latex particles carrying the appropriate binding material become attached 
to the strip in the lines 903 and 905. The degree of binding of the particles in these lines can be determined by light 
5 transmission through the strip, as described in detail above. 

[0212] The relative positioning of the E3G and LH lines, as described above, considerably enhances the efficiency 
with which the respective concentrations of the two analytes can be determined. 



10 Claims 

1 . A test kit for use in monitoring the ovulation cycle of a female mammal, especially a human, comprising at least 7 
disposable testing devices for sampling and testing a body fluid, such as urine, and providing readable signals 
indicative of the concentrations of at least two analytes in the body fluid, said analytes being of significance in 

15 relation to the fertility status of the ovulation cycle, together with an electronic reader/monitor for reading and 

Interpreting said readable signals to provide the user with an indication of said fertility status, wherein: 

a) said readable signals are read while one of said testing devices is located within a receiving means (442) 
of said reader/monitor; 

20 

b) said readable signals are created by concentrating a first detectable material, preferably a particle-labelled 
reagent, in a first detection zone (1 03) of a porous carrier (1 01 ), such as a test strip, within said testing device 
and by concentrating a second detectable material, preferably a particle-labelled reagent, in a second detection 
zone (102) of said porous carrier, while said sampled body fluid is flowing, e.g. by capillarity, through said 

25 porous carrier, said second detection zone being downstream from said first detection zone relative to a re- 

ceiving portion (202) of said testing device which is contacted with said body fluid to initiate the test; 

c) said first detection zone signal is indicative of the body fluid concentration of a first analyte, preferably 
luteinizing hormone (LH), which exhibits a significant concentration change closely associated with the time 

30 of actual ovulation; and 

d) said second detection zone signal is indicative of the body fluid concentration of a second analyte, preferably 
estradiol or a metabolite thereof such as estrone-3-glucuronide (E3G), which exhibits a significant concentra- 
tion change in advance of the onset of the fertile phase of said ovulation cycle. 

35 

2. A test kit according to claim 1 , wherein said first detection zone signal is the result of a sandwich format binding 
reaction and the second analyte is a hapten. 

3. A test kit according to claim 1 or claim 2, wherein said first detection zone contains an immobilised anti-LH antibody 
40 and said second zone contains immobilised E3G or an immobilised analogue of E3G. 

4. A test kit according to any one of claims 1 to 3, wherein said readable signals are read by optical transmission 
through said testing device. 

45 5. A test kit according to claim 4 wherein the reader/monitor comprises: 

a) a source of diffuse light having a wavelength that is strongly absorbed by said detectable materials; 

b) sensing means to sense Incident light from said source; 

50 

c) means for receiving and holding said testing device with each of said detection zones in a light path between 
said source and said sensor; and 

d) electronic means connected to said sensing means, said electronic means being programmed to derive 
55 from sensed incident light a measure of the extent to which detectable material has become concentrated in 

each of said detection zones. 

6. A test kit according to claim 5, wherein said diffuse light is pulsed, and said electronic means is programmed to 
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control said sensing means such that said sensing means only senses incident light in phase with said pulsed 
light, said light preferably having a pulse frequency of at least about 1 kHz. 

7. A test kit as claimed in claim 5 or claim 6, wherein said receiving means incorporates interlocking means (506) 
5 engagable with corresponding interlocking means (709) on said testing device to ensure that upon receipt of said 

testing device by said reader/monitor said detection zones are located and maintained in a predetermined spacial 
relationship relative to said sensing means, and preferably wherein said receiving means includes actuating means 
(504) triggered by said receipt of said testing device, said actuating means causing said reading of said detection 
zones to be initiated. 

10 

8. A test kit according to any one of the preceding claims, containing a sufficient plurality of disposable testing devices 
to enable a user to conduct testing on a one-per-day basis for a maximum of 16 days in any one ovulation cycle. 

9. A method of monitoring the human ovulation cycle, using a test kit according to any one of claims 1 to 8, wherein 
15 testing is conducted at least once during the interval spanning days 1 to 7 inclusive calculated from the onset of 

menses, to establish a reference concentration value or signal for said second analyte in the current cycle, said 
testing is temporarily ceased, and then testing is conducted at least once, preferably daily, during a period of days 
commencing at least 5, preferably at least 6, numerical days in advance of the mean numerical day on which actual 
ovulation has ocurred over one or more previous ovulation cycles in the same individual subject, second analyte 
20 concentration values or signals obtained during said period of days being compared with the reference concen- 
tration value or signal to determine whether a concentration change indicative of imminent ovulationis occurring 
or has occurred since the previous test. 

10. A method according to claim 9, wherein said concentration reference value is established from test(s) conducted 
25 on day 5 and/or day 6, preferably just a single test conducted on day 6. 

11. A method according to any either of claims 9 or 10, wherein the body fluid is urine and the second analyte is 
estradiol or a metabolite thereof, such as E3G, and wherein a significant difference between the second analyte 
reference concentration value [r] and a test value [i], indicative of imminent ovulation, is taken to be: 

30 

1.5*^2.5 



in the case of direct proportionality between the test signal and analyte concentration, or the inverse in the case 
35 of inverse proportionality between the test signal and analyte concentration. 

12. A method according to claim 11 , wherein the analyte is E3G, and the significant difference in E3G concentration 
[i] indicative of imminent ovulation is taken to be: 



in the case of direct proportionality between the test signal and E3G concentration, or the inverse in the case of 
inverse proportionality between the test signal and E3G concentration. 

45 

13. A method according to any one of claims 9 to 12, wherein the body fluid concentration of LH is determined to 
identify the actual ovulation day in the current cycle. 

14. A method according to any one of claims 9 to 13, wherein the end of the fertile phase is declared from knowledge 
50 of the LH surge in the current cycle, preferably wherein the end of the fertile phase is taken to occur on the fourth 

day following LH surge detection. 

15. A method according to any one of claims 9 to 14, wherein the start of the fertile phase is declared if the expected 
significant change in second analyte concentration has not been detected prior to at least 2, preferably at least 3, 

55 days before the numerical day in the current cycle on which actual ovulation is predicted to occur, based on knowl- 

edge derived from first analyte concentration measurements obtained in one or more previous cycles. 

16. An assay device for use in the determination of two or more analytes in a single sample liquid, such as urine, at 
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least one of said analytes being determinable by means of a sandwich-format binding reaction involving two binding 
reagents specific for different epitopes on said analyte and at least one other of said analytes being a hapten, and 
therefore not determinable readily by means of a sandwich-format binding reaction, the device comprising, pref- 
erably within a protective casing: 

5 

a) a strip (901) of porous material along which sample liquid can migrate; 

b) two or more detection zones (903, 905) at least one per analyte to be determined, on said strip, located 
downstream from the site of sample liquid addition to said strip, of which zones: 

10 

i) at least one zone contains an Immobilised capture agent being a specific binding agent for said first 
analyte or a specific binding agent which can capture a sandwich-format complex including said first an- 
alyte, and 

15 ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 

thereof; 

c) two or more populations of particles, located upstream from said detection zones, capable of migrating 
through said strip with said sample liquid, of which populations: 

20 

i) at least one population carries a binding agent specific for said first analyte, or specific for another 
specific binding agent also present in the device and which can participate in a sandwich -format reaction 
with said first analyte, and 

25 jj) at least one other population carries a binding agent specific for said hapten; 

the presence of said first analyte in said sample liquid leading to binding of particles in said at least one detection 
zone in an amount directly proportional to the concentration of said first analyte in said sample liquid, and the 
presence of said hapten in said sample liquid leading to a reduction in binding of particles of said at least one other 
30 population in said other detection zone in an amount directly proportional to the concentration of said hapten in 

said sample liquid, the detection zone containing the immobilised hapten or immobilised hapten analogue being 
sited downstream from the detection zone associated with the first analyte. 

17. A device according to claim 16, wherein said first analyte Is luteinizing hormone (LH). 

35 

18. A device according to claim 1 6 or 1 7, wherein said second anatyte is estradiol or a metabolite thereof, such as E3G. 

19. A device according to any one of claims 16 to 18, wherein the particles are latex particles, preferably coloured. 

40 20. A device according to any one of claims 1 6 to 1 9, wherein the affinity of the anti-hapten specific binding agent is 
at least about 10 9 , preferably about 10 10 , moles/litre. 

21. A method of determining the presence and/or concentration of two or more analytes in a single sample liquid, at 
least one of said analytes being determinable by means of a sandwich-format binding reaction involving two binding 
45 reagents specific for different epitopes on said analyte and at least one other of said analytes being a hapten, and 

therefore not determinable readily by means of a sandwich-format binding reaction, which method comprises the 
steps of: 

a) providing a device comprising a strip of porous material along which said sample liquid can migrate, the 
so strip having two or more spacially distinct detection zones, at least one per analyte to be determined located 

downstream from the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an immobilised capture agent being a specific binding agent for said first 
analyte or a specific binding agent which can capture a sandwich-format complex including said first an- 

55 alyte, and 

ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 
thereof; 
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b) providing two or more populations of particles capable of migrating through said strip with said sample liquid, 
of which populations: 

i) at least one population carries a binding agent specific for said first analyte, or specific for another 
5 specific binding agent which can participate in a sandwich -format reaction with said first analyte, and 

ii) at least one other population carriers a binding agent specific for said hapten; and 

c) causing said populations of particles to become suspended in said sample liquid and to migrate with said 
w sample liquid through said strip; the presence of said first analyte in said sample liquid leading to binding of 

particles in said at least one detection zone in an amount directly proportional to the concentration of said first 
analyte in said sample liquid, and the presence of said hapten in said sample liquid leading to a reduction in 
binding of particles of said at least one other population in said other detection zone in an amount directly 
proportional to the concentration of said hapten in said sample liquid, the detection zone containing the im- 
15 mobilised hapten or immobilised hapten analogue being sited downstream from the detection zone associated 

with the first analyte. 

22. A method according to claim 21 , wherein the extent of particle binding in each of said detection zones is determined 
by measuring the extinction of electromagnetic radiation, such as light, when transmitted through the thickness of 

20 said strip. 

23. A test kit for monitoring the fertility status of the human ovulation cycle and providing a user with an indication of 
the fertility status, comprising: 

25 j) a plurality of assay devices according to any one of claims 16 to 20; and 

ii) an electronic monitor comprising: 

a) reading means for reading one of the assay devices; 

30 

b) information processing means for determining from said assay device reading, sample liquid concen- 
tration values for said at least two analytes; 

c) information processing means and memory means for deriving from said concentration values and from 
35 previously-derived concentration values an indication of the current fertility status of a human subject 

under test; and 

d) display means (433, 434) for communicating said current fertility status to a user of said electronic 
device. 

40 

24. A test kit according to claim 23, wherein said electronic device comprises receiving means (442) for receiving said 
assay device, said reading means being located within said receiving means, and wherein reading is achieved by 
optical transmission through said assay device when received by said receiving means. 

45 25. A test kit according.to claim 23 or claim 24, wherein said display means comprises one or more light sources which 
provide a coloured signal to the user, a variation in fertility status being indicated by a colour change. 



Patentansp ruche 

50 

1 . Testkit fur die Verwendung zum Oberwachen des Ovulationszyklus eines weiblichen Saugers, insbesondere eines 
Menschen, umfassend mindestens 7 wegwerfbare Testvorrichtungen zum Probenehmen und Testen einer Kor- 
perflussigkeit, wie Urin, und Bereitstellen ablesbarer Signale, welche die Konzentrationen von mindestens zwei 
Analyten in der Korperflussigkeit anzeigen, wobei die Analyten von Bedeutung sind fur den Fruchtbarkeitsstatus 
55 des Ovulationszyklus, zusammen mit einem elektronischen Ableser/Oberwachungsgerat zum Ablesen und Aus- 

werten der abiesbaren Signale, urn dem Verwender eine Anzeige uber den Fruchtbarkeitsstatus zu liefern, worin: 

a) die abiesbaren Signale abgelesen werden, wahrend eine der Testvorrichtungen in einem Aufnahmemittel 



35 



EP 0 703 454 B1 



(442) des Ablesers/Uberwachungsgerats angeordnet ist; 

b) die ablesbaren Signale durch Konzentrieren eines ersten nachweisbaren Materials, vorzugsweise eines 
teilchen-markierten Reagenzes, in einer ersten Nachweiszone (103) eines porosen Tragers (1 01), wie einem 
Teststreifen, in derTestvorrichtung und durch Konzentrieren eines zweiten nachweisbaren Materials, vorzugs- 
weise eines teilchen-markierten Reagenzes in einer zweiten Nachweiszone (102) des porosen Tragers er- 
zeugt werden, wahrend die untersuchte Korperf lussigkeit, z.B. durch Kapillarwirkung, durch den porosen Tra- 
ger fiieBt, wobei die zweite Nachweiszone stromabwarts von der ersten Nachweiszone, bezogen auf einen 
Aufnahmeabschnitt (202) der Testvorrichtung liegt, der mit der Korperf lussigkeit in Kontakt gebracht wird, um 
den Test zu starten; 

c) das erste Nachweiszonensignal die Korperflussigkeitskonzentration eines ersten Analyten, bevorzugt von 
luteinisierendem Hormon (LH), angibt, der eine mit dem Zeitpunkt der tatsachlichen Ovulation eng in Zusam- 
menhang stehende signifikante Konzentrationsanderung zeigt, und 

d) das zweite Nachweiszonensignal die Korperflussigkeitskonzentration eines zweiten Analyten, bevorzugt 
von Estradiol oder eines Metaboliten hiervon, wie Estron-3-glucuronid (E3G), angibt, der eine signifikante 
Konzentrationsanderung vor dem Einsetzen der fruchtbaren Phase des Ovulationszyklus zeigt. 

Testkit nach Anspruch 1, worin das erste Signal das Ergebnis einer Sandwich-Bindungsnachweiszonenreaktion 
ist und der zweite Analyt Hapten darstellt. 

Testkit nach Anspruch 1 oder Anspruch 2, worin die erste Nachweiszone einen immobilisierten Anti-LH-Antikdrper 
und die zweite Zone immobilisiertes E3G oder ein immobilisiertes Analogon von E3G enthalt. 

Testkit nach irgendeinem der Anspruche 1 bis 3, worin die ablesbaren Signale durch optische Transmission durch 
die Testvorrichtung abgelesen werden. 

Testkit nach Anspruch 4, worin der Ableser/das Uberwachungsgerat umfasst: 

a) eine Quelle diffusen Lichts mit einer Wellenlange, die durch die nachweisbaren Materialien stark absorbiert 
wird; 

b) Abtastmittel zum Abtasten des von der Quelle eintreffenden Lichts; 

c) Mittel zum Aufnehmen und Halten der Testvorrichtung mit jeder der Nachweiszonen in einem Lichtweg 
zwischen der Quelle und dem Sensor und 

d) elektronische Mittel, verbunden mit den Abtastmitteln, wobei das elektronische Mittel programmiert ist, um 
vom abgetasteten eintreffenden Licht ein MaB dafur abzuleiten, in welchem Umfang das nachweisbare Ma- 
terial in jeder der Nachweiszonen konzentriert wurde. 

Testkit nach Anspruch 5, worin das diffuse Licht gepulst wird und das elektronische Mittel programmiert ist, um 
das Abtastmittel derart zu kontrollieren, dass das Abtastmittel nur in Phase mit dem gepuisten Licht eintreffendes 
Licht abtastet, wobei das Licht vorzugsweise eine Pulsfrequenz von mindestens etwa 1 kHz aufweist. 

Testkit nach Anspruch 5 oder Anspruch 6, worin das Aufnahmemittel ein Verriegelungsmittel (506) umfasst, das 
mit einem entsprechenden Verriegelungsmittel (709) auf derTestvorrichtung in Eingriff steht, um sicherzustellen, 
dass bei Aufnahme derTestvorrichtung in den Ableser/das Uberwachungsgerat die Nachweiszonen in einem vor- 
bestimmten raumlichen Verhaltnis, bezogen auf das Abtastmittel, angebracht und gehalten werden, und worin das 
Aufnahmemittel bevorzugt Betatigungsmittel (504) aufweist, das durch Aufnahme derTestvorrichtung ausgelost 
wird, wobei das Betatigungsmittel bewirkt, dass das Ablesen der Nachweiszonen beginnt. 

Testkit nach irgendeinem der vorhergehenden Anspruche, enthaltend eine ausreichende Vielzahl wegwerfbarer 
Testvorrichtungen, um einem Verwender zu ermoglichen, auf einer Tagesbasis fur maximal 16 Tage in einem 
beliebigen Ovulationszyklus Tests durchzufuhren. 

Verfahren zum Uberwachen des menschlichen Ovulationszyklus unter Verwendung eines Testkits nach irgendei- 
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nem der Anspriiche 1 bis 8, worin mindestens einmal wahrend des dieTage 1 bis 7 einschlieBlich umfassenden 
Intervalls, berechnet vom Einsetzen der Menstruation an, getestet wird, urn einen Referenzkonzentrationswert 
Oder ein Referenzkonzentrationssignal fur den zweiten Analyten im laufenden Zyklus festzusetzen, wobei das 
Testen zeitweise unterbrochen wird, und dann mindestens einmal, bevorzugt taglich, wahrend einer Dauer von 

5 Tagen, beginnend mit mindestens 5, bevorzugt mindestens 6 rechnerischen Tagen vor dem mittleren rechneri- 

schen Tag, an dem bei ein oder mehreren vorhergehenden Ovulationszyklen bei demselben Individuum die tat- 
sachliche Ovulation aufgetreten ist, zu testen, wobei die zweiten Analytkonzentrationswerte oder -signale, die 
wahrend der Dauer von Tagen erhalten wurden, mit dem Referenzkonzentrationswert oder -signal verglichen wer- 
den, urn zu bestimmen, ob eine die bevorstehende Ovulation anzeigende Konzentrationsanderung auftritt oder 

10 seit dem vorherigen Test aufgetreten ist. 

10. Verfahren nach Anspruch 9, worin der Konzentrationsreferenzwertfestgelegt wird durch einen Test(s), durchge- 
fuhrt an Tag 5 und/oderTag 6, bevorzugt nur einen Einzeitest, durchgefuhrt an Tag 6. 

15 11. Verfahren nach irgendeinem der Anspriiche 9 oder 10, worin die Korperflussigkeit Urin und der zweite Analyt 
Estradiol oder einen Metaboliten hiervon, wie E3G, darstellt und worin eine signifikante Differenz zwischen dem 
zweiten Analytreferenzkonzentrationswert [r] und einem Testwert [i], der eine bevorstehende Ovulation angibt, 
angenommen wird als: 

1,5, [3* 2,5 

im Falle derdirekten Proportionalitat zwischen dem Testsignal und der Analytkonzentration oder dem Inversen im 
Falle einer umgekehrten Proportionalitat zwischen dem Testsignal und der Analytkonzentration. 

25 

12. Verfahren nach Anspruch 11, worin der Analyt E3G darstellt und die signifikante Differenz bei der E3G-Konzen- 
tration [i], die die bevorstehende Ovulation angibt, angenommen wird als: 

IH>2 

so [r\ Zd 

im Falle einer direkten Proportionalitat zwischen dem Testsignal und der E3G-Konzentration oder dem Inversen 
im Falle einer umgekehrten Proportionalitat zwischen dem Testsignal und der E3G-Konzentration. 

35 13. Verfahren nach irgendeinem der Anspriiche 9 bis 12, worin die Korperflussigkeitskonzentration von LH bestimmt 
wird, urn den tatsachlichen Ovulationstag im laufenden Zyklus zu identifizieren. 

14. Verfahren nach irgendeinem der Anspruche 9 bis 13, worin das Ende der fruchtbaren Phase festgelegt wird aus 
Kenntnissen des LH-Anstiegs im laufenden Zyklus, worin vom Ende der fruchtbaren Phase vorzugsweise ange- 

40 nommen wird, dass es am vierten Tag nach der LH-Anstiegsbestimmung einsetzt. 

15. Verfahren nach irgendeinem der Anspriiche 9 bis 14, worin der Beginn der fruchtbaren Phase festgelegt wird, 
wenn die erwartete signifikante Anderung bei der zweiten Analytkonzentration mindestens 2, bevorzugt minde- 
stens 3 Tage vor dem rechnerischen Wert im laufenden Zyklus, an dem das Auftreten der tatsachlichen Ovulation 

45 vorhergesagt wird, basierend auf Kenntnissen, abgeleitet von in einem oder mehreren vorhergehenden Zyklen 

erhaltenen Konzentrationsmessungen des ersten Analyten, noch nicht festgestellt wurde, 

16. Assay- Vorrichtung fur die Verwendung zum Bestimmen von zwei oder mehreren Analyten in einer einzelnen Pro- 
benflussigkeit, wie Urin, wobei mindestens einer der Analyten mit einer Sandwich-Bindungsreaktion bestimmbar 

so ist, umfassend zwei fur verschiedene Epitope auf dem Analyten spezifische Bindungsreagenzien sowie minde- 

stens einen weiteren Analyten, der Hapten darstellt, und daher nicht ohne weiteres mit einer Sandwich-Bindungs- 
reaktion bestimmbar ist, wobei die Vorrichtung, vorzugsweise in einem Schutzgehause, umfasst: 



55 



a) einen Streifen (901) porosen Materials, durch den Probenflussigkeit wandern kann; 

b) zwei oder mehrere Nachweiszonen (903, 905), mindestens eine pro zu bestimmenden Analyten auf dem 
Streifen, stromabwarts von der Stelle der Probenfliissigkeitszugabe zum Streifen angeordnet, wobei fur die 
Zonen gilt: 
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j) mindestens eine Zone enthalt ein immobilisiertes Abfangmittel, das ein spezifisches Bindungsreagenz 
fur den ersten Analyten darstellt, oder ein spezifisches Bindungsreagenz ist, das einen den ersten Ana- 
lyten aufweisenden Sandwich-Komplex abfangen kann, und 

5 . ii) mindestens eine andere Zone enthalt ein immobilisiertes Abfangmittel, das entweder das Hapten oder 

ein Analogon hiervon darstellt; 

c) zwei oder mehrere Populationen von Teilchen, stromaufwarts von den Nachweiszonen angeordnet, die mit 
der Probenflussigkeit durch den Streifen wandern konnen, wobei fur die Populationen gilt: 

10 

i) mindestens eine Population tragt ein Bindungsreagenz, das spezifisch fur den ersten Analyten oder 
spezifisch fur ein weiteres spezifisches Bindungsreagenz ist, das ebenfalls in der Vorrichtung vorliegt und 
das an einer Sandwich-Reaktion mit dem ersten Analyten teilnehmen kann, und 

15 ii) mindestens eine weitere Population tragt ein fur das Hapten spezifisches Bindungsreagenz; 

wobei die Gegenwart des ersten Analyten in der Probenflussigkeit zum Binden der Teilchen in mindestens einer 
Nachweiszone in einer Menge direkt proportional zur Konzentration des ersten Analyten in der Probenflussigkeit 
fuhrt, und die Gegenwart des Haptens in der Probenflussigkeit zu einer Verringerung des Bindens der Teilchen 
20 von mindestens einer weiteren Population in der anderen Nachweiszone in einer Menge direkt proportional zur 

Konzentration des Haptens in der Probenflussigkeit fuhrt, wobei die immobilisiertes Hapten oder immobilisiertes 
Hapten-Analogon enthaltende Nachweiszone stromabwarts von der mit dem ersten Analyten im Zusammenhang 
stehenden Nachweiszone angeordnet ist. . 

25 17. Vorrichtung nach Anspruch 16, worin der erste Analyt luteinisierendes Hormon (LH) darstellt. 

18. Vorrichtung nach Anspruch 1 6 oder 1 7, worin der zweite Analyt Estradiol oder einen Metaboliten hiervon, wie E3G, 
darstellt. 

30 19. Vorrichtung nach irgendeinem der Anspruche 16 bis 18, worin die Teilchen, bevorzugt gefarbte, Latexteilchen 
darstelten. 

20. Vorrichtung nach irgendeinem der Anspruche 16 bis 19, worin die Affinitatdes Anti-Hapten spezifischen Bindungs- 
reagenzes mindestens etwa 10 9 , bevorzugt etwa 10 10 Mol/Liter, betragt. 

35 

21 . Verfahren zum Bestimmen der Gegenwart und/oder Konzentration von zwei oder mehreren Analyten in einer ein- 
2e j nen Probenflussigkeit, wobei mindestens einer der Analyten durch eine Sandwich-Bindungsreaktion bestimm- 
bar ist, die zwei fur verschiedene Epitope auf dem Analyten spezifische Bindungsreagenzien umfasst und wobei 
mindestens ein anderer der Analyten Hapten darstellt und daher nicht ohne weiteres in einer Sandwich-Bindungs- 

40 reaktion bestimmbar ist, wobei das Verfahren die Schritte aufweist: 

a) Vorsehen einer Vorrichtung, umfassend einen Streifen porosen Materials, durch den Probenflussigkeit wan- 
dern kann, wobei der Streifen zwei oder mehrere raumlich getrennte Nachweiszonen aufweist, mindestens 
eine pro zu bestimmendem Analyten, stromabwarts von der Steile der Probenflussigkeitszugabe zum Streifen 

45 angeordnet, wobei fur die Zonen gilt: 

i) mindestens eine Zone enthalt ein immobilisiertes Abfangmittel, das ein spezifisches Bindungsreagenz 
fur den ersten Analyten darstellt, oder ein spezifisches Bindungsreagenz ist, das einen den ersten Ana- 
lyten aufweisenden Sandwich-Komplex abfangen kann, und 

so 

ii) mindestens eine weitere Zone enthalt ein immobilisiertes Abfangmittel, das entweder das Hapten oder 
ein Analogon hiervon darstellt; 

b) Vorsehen von zwei oder mehreren Populationen von Teilchen, die mit der Probenflussigkeit durch den 
55 Streifen wandern konnen, wobei fur die Populationen gilt: 

i) mindestens eine Population tragt ein Bindungsreagenz, das spezifisch fur den ersten Analyten oder 
spezifisch fur ein weiteres spezifisches Bindungsreagenz ist, das an einer Sandwich-Reaktion mit dem 
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ersten Analyten teilnehmen kann, und 

ii) mindestens eine weitere Population trelgt ein fur das Hapten spezifisches Bindungsreagenz, und 

5 c) Suspendierenlassen der Populationen von Teilchen in der Probenflussigkeit und Wandernlassen mit der 

Probenflussigkeit durch den Trager, wobei die Gegenwart des ersten Analyten in der Probenflussigkeit zum 
Binden der Teilchen in mindestens einer Nachweiszone in einer Menge direkt proportional zur Konzentration 
des ersten Analyten in der Probenflussigkeit fuhrt, und wobei die Gegenwart des Haptens in der Probenflus- 
sigkeit zu einer Verringerung des Bindens der Teilchen mindestens einer weiteren Population in der anderen 

10 Nachweiszone in einer Menge direkt proportional zur Konzentration des Haptens in der Probenflussigkeit fuhrt, 

wobei die immobilisiertes Hapten oder immobilisiertes Hapten-Analogon enthaltende Nachweiszone strom- 
abwarts von der mit dem ersten Analyten in Zusammenhang stehenden Nachweiszone angeordnet ist. 

22. Verfahren nach Anspruch 21 , worin das AusmaB der Teilchenbindung in jeder der Nachweiszonen bestimmt wird 
15 durch Messen der Extinktion elektromagnetischer Strahlung, wie Licht, wenn sie durch die Dicke des Streifens 

ubertragen wird. 

23. Testkitzurn Uberwachen des Fruchtbarkeitsstatus des menschlichen Ovulationszyklus und Bereitstellen einer An- 
zeige des Fruchtbarkeitsstatus gegenuber einem Verwender, umfassend: 

20 

i) eine Vielzahl von Assay- Vorrichtungen nach irgendeinem der Anspruche 16 bis 20 und 

ii) ein elektronisches Uberwachungsgerat, umfassend: 

25 a) Ablesemittel zum Ablesen einer der Assay-Vorrichtungen; 

b) Informationsverarbeitungsmittel zum Bestimmen der Probenflussigkeitskonzentrationswerte fur die 
mindestens zwei Analyten aus der Assay-Vorrichtungsablesung; 

30 c) Informationsverarbeitungsmittel und Speichermittel zum Ableiten des vorliegenden Fruchtbarkeitssta- 

tus aus den Konzentrationswerten und aus den zuvor abgeleiteten Konzentrationswerten eines getesteten 
menschlichen Subjekts und 

d) Anzeigemittel (433, 434), urn einem Verwender der elektronischen Vorrichtung den vorliegenden 
35 Fruchtbarkeitsstatus mitzuteilen. 

24. Testkit nach Anspruch 23, worin die elektronische Vorrichtung Auf nahmemittel (442) fur das Auf nehmen der Assay- 
Vorrichtung umfasst, wobei das Ablesemittel im Aufnahmemittel angeordnet ist, und worin das Ablesen durch 
optische Transmission durch die Assay-Vorrichtung erreicht wird, wenn diese durch das Aufnahmemittel aufge- 

40 nommen wird. 

25. Testkit nach Anspruch 23 oder Anspruch 24, worin das Anzeigemittel ein oder mehrere Lichtqueilen umfasst, das 
dem Verwender ein farbiges Signal liefert, wobei eine Anderung des Fruchtbarkeitsstatus durch einen Farbwechsel 
angegeben wird. 

45 

Revendications 

1 . Necessaire pour analyse a des fins de test pour utilisation dans la surveillance du cycle d'ovulation d'un mammifere 
so femelle, specialement un etre humain, comprenant au moins 7 dispositifs d'analyse a des fins de test a usage 

unique pour echantillonnage et analyse a des fins de test d'un liquide physiologique, tel que Purine, et pour fournir 
des signaux lisibles indicatifs des concentrations d'au moins deux analytes dans le liquide physiologique, lesdits 
analytes etant significatifs en relation avec I'etat de fertilite du cycle d'ovulation, associes a un lecteur/moniteur 
eiectronique pour lire et interpreter lesdits signaux lisibles en vue de delivrer a I'utilisatrice une indication dudit etat 
55 de fertilite, dans lequel : 

a) lesdits signaux lisibles sont tus tandis que I'un desdits dispositifs d'analyse a des fins de test est place a 
I'inteneur d'un moyen recepteur (442) desdits lecteur/moniteur ; 
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b) lesdits signaux lisibles sont cr66s par concentration d'un premier materiau detectable, de preference un 
reactif a marquage particulaire, dans une premiere zone de detection (103) d'un porteur poreux (101), tel 
qu'une bande d'analyse a des fins de test, a Tinterieur dudit dispositif d'analyse a des fins de test et par 
concentration d'un second materiau detectable, de preference un reactif a marquage particulaire, dans une 
seconde zone de detection (1 02) dudit porteur poreux, tandis que ledit liquide physiologique echantillonn6 est 
en ecoulement, par exemple par capillarity a travers ledit porteur poreux, ladite seconde zone de detection 
etant situee en aval de ladite premiere zone de detection par rapport a une partie receptrice (202) dudit dis- 
positif d'analyse a des fins de test qui est mis en contact avec ledit liquide physiologique pour initier ranalyse 
a des fins de test ; 

c) ledit premier signal de zone de detection est indicatif de la concentration dans le liquide physiologique d'un 
premier analyte, de preference I'hormone luteinisante (LH), qui presente un changement de concentration 
significatif etroitement associe a la chronologie de I'ovulation actuelle ; et 

ledit second signal de zone de detection est indicatif de la concentration dans le liquide physiologique d'un second 
analyte, de preference I'estradiol, ou I'un de ses metabolites, tels que l'estrone-3-glucuronide (E3G) qui presente 
un changement de concentration significatif en avance sur le debut de la phase fertile dudit cycle d'ovulation. 

N6cessaire pour analyse a des fins de test selon la revendication 1 , dans lequel ledit premier signal est le resultat 
d'une reaction de fixation a double site en phase solide et le second analyte est un haptene. 

Necessaire pour analyse a des fins de test selon la revendication 1 ou 2, dans lequel ladite premiere zone de 
detection contient un anticorps anti-LH immobilise et ladite seconde zone contient un E3G immobilise ou un ana- 
logue immobilise de E3G. 

N6cessaire pour analyse a des fins de test selon I'une quelconque des revendications 1 a 3, dans lequel lesdits 
signaux lisibles sont lus par transmission optique a travers ledit dispositif d'analyse a des fins de test. 

Necessaire pour analyse a des fins de test selon la revendication 4, dans lequel le lecteur/moniteur comprend : 

a) une source de lumiere diffuse ayant une longueur d'onde qui est fortement absorb6e par lesdits materiaux 
detectables ; 

b) un moyen de detection pour detecter une lumiere incidente en provenance de ladite source ; 

c) un moyen pour recevoir et contenir ledit dispositif d'analyse a des fins de test, chacune desdites zones de 
detection se trouvant dans un trajet de lumiere entre ladite source et ledit capteur ; et 

d) un moyen eiectronique relie aux dits moyens de detection, ledit moyen eiectronique etant programme pour 
obtenir de la lumiere incidente detectee une mesure de I'ampleur a laqueile le materiau detectable est devenu 
concentre dans chacune desdites zones de detection. 

Necessaire pour analyse a des fins de test selon la revendication 5, dans lequel ladite lumiere diffuse est pulsee 
et ledit moyen eiectronique est programme pour commander ledit moyen de detection de facon telle que ledit 
moyen de detection ne d6tecte la lumiere incidente qu'en phase avec ladite lumiere puls6e, ladite lumiere ayant 
de preference une frequence d'impulsion d'au moins environ 1 kHz. 

Necessaire pour analyse a des fins de test seton la revendication 5 ou 6, dans lequel ledit moyen r6cepteur incor- 
pore un moyen d'inter blocage (506) pouvant venir en prise avec un moyen inter blocage correspondent (709) sur 
ledit dispositif d'analyse a des fins de test pour assurer que, lors de la reception dudit dispositif d'analyse a des 
fins de test par lesdits lecteur/moniteur, lesdites zones de detection soient situees et maintenues dans une relation 
spatiale pr6determin6e par rapport audit moyen de detection et, de preference, dans lequel ledit moyen r6cepteur 
comprend un moyen d'actionnement (504) declenche par ladite reception dudit dispositif d'analyse a des fins de 
test, ledit moyen d'actionnement amenant ladite lecture desdites zones de detection a etre initiee. 

Necessaire pour analyse a des fins de test selon I'une quelconque des revendications precedentes, contenant 
une pluralite suffisante de dispositifs d'analyse a des fins de test a usage unique pour permettre a une utilisatrice 
de conduire un protocole d'analyse a des fins de test sur une base de jour apres jour pour un pic de 1 6 jours dans 
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I'un quelconque des cycles d'ovulation. 

9. Procede de surveillance du cycle d'ovulation humain, utilisant un necessaire pour analyse a des fins de test selon 
Tune quelconque des revendications 1 a 8, dans lequel le protocole d'analyse a des fins de test est conduit au 

s moins une fois pendant I'intervalle s'ecoulant des jours 1 a 7 inclusivement, calcule a partir du debut des mens- 

truations, pour etablir une valeur ou un signal de concentration de reference pour ledit second analyte dans le 
cyclecourant, ledit protocole d'analyse a des fins de test esttemporairement interrompu, puis le protocole d'analyse 
a des fins de test est conduit au moins une fois (de preference quotidiennement) pendant une periode de jours 
commencant au moins 5, de preference au moins 6, jours numeriques en avance sur le jour numerique moyen 

10 auquel I'ovulation actuelle s'est produite sur au moins un cycle d'ovulation precedent chez le meme sujet individuel, 

des secondes valeurs ou signaux de concentration d'analytes obtenus pendant ladite periode de jours etant com- 
parees a la valeur ou signal de concentration de reference pour determiner si un changement de concentration 
indicatif d'une ovulation imminente se produit, ou s'est produit, depuis I'analyse a des fins de test precedente. 

15 10. Procede selon la revendication 9, dans lequel ladite valeur de reference de concentration est etablie a partir d'au 
moins un test conduit le jour 5 et/ou le jour 6, de preference seulement une seule analyse a des fins de test conduite 
lejour6. 

11. Procede selon I'une quelconque des revendications 9 ou 10, dans lequel le liquide physiologique est I'urine et le 
20 second analyte est I'estradiol ou Tun de ses metabolites, tel que E3G, et dans lequel une difference significative 

entre la seconde valeur de concentration de reference d'analyte [r] et une valeur test [i], indicative d'une ovulation 
imminente, est prise pour etre : 

dans le cas d'une proportionnalite directe entre le signal de test et la concentration de I'analyte, ou I'inverse dans 
le cas d'une proportionnalite inverse entre le signal de test et la concentration de I'analyte. 

30 12. Procede selon la revendication 11 , dans lequel I'analyte est E3G et la difference significative dans la concentration 
de E3G [i] indicative d'une ovulation imminente est prise pour etre : 

M 

35 

dans le cas d'une proportionnalite directe entre le signal de test et la concentration de E3, ou I'inverse dans le cas 
d'une proportionnalite inverse entre le signal de test et la concentration de E3G. 

13. Proc6de selon I'une quelconque des revendications 9 a 12, dans lequel la concentration dans le liquide physiolo- 
40 gique de LH est determin6e pour identifier le jour d'ovulation actuel dans le cycle courant. 

14. Proc6d6 selon I'une quelconque des revendications 9 a 13, dans lequel la fin de la phase fertile est declare a 
partir de la connaissance de la poussee de LH dans le cycle courant, de preference dans lequel la fin de la phase 
fertile est prise pour se produire lors du quatrieme jour suivant la detection de la poussee de LH. 

45 

15. Procede selon I'une quelconque des revendications 9 a 14, dans lequel le d6but de la phase fertile est declare si 
un changement significatif attendu dans ia concentration du second analyte n'a pas 6te detecte avant au moins 
2, de preference au moins 3, jours avant le jour num6rique du cycle courant auquel I'ovulation actuelle est pr6dite 
de se produire, sur la base de la connaissance deriv6e des mesures de la concentration du premier analyte ob- 

50 tenues dans au moins un cycle precedent. 

16. Dispositif de dosage pour utilisation dans la determination d'au moins deux analytes dans un seul liquide 6chan- 
tillon, tel que I'urine, au moins I'un desdits analytes 6tant determinable au moyen d'une reaction de fixation a double 
site en phase solide impliquant deux r6actifs de fixation specifiques pour differents epitopes sur ledit analyte et 

55 au moins un autre desdits analytes etant un haptene et, en consequence, n'etant pas determinable facilement au 

moyen d'une reaction de fixation a double site en phase solide, le dispositif comprenant, de preference a I'interieur 
d'un boTtier protecteur : 
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a) une bande (901) de materiau poreux suivant laquelle le liquide echantillon peut migrer ; 

b) au moins deux zones de detection (903, 905), au moins une par analyte a determiner, sur ladite bande, 
situees en aval du site d'addition de liquide echantillon a ladite bande, zones desquelles : 

5 

i) au moins une zone contient un agent de capture immobilise etant un.agent de fixation specifique pour 
ledit premier analyte ou un agent de fixation specifique qui peut capturer un complexe a double site en 
phase solide. incluant ledit premier analyte, et 

10 ii) au moins une autre zone contient un agent de capture immobilise qui est soit I'haptene, soit I'un de ses 

analogues ; 

c) au moins deux populations de particules, situees en amont desdites zones de detection, capables de migrer 
a travers ladite bande avec ledit liquide echantillon, populations desquelles : 

15 

i) au moins une population transporte un agent de fixation specifique audit premier analyte, ou specifique 
a un autre agent de fixation specifique egalement present dans le dispositif et qui peut participer a une 
reaction a double site en phase solide avec ledit premier analyte, et 

20 ij) au moins une autre population transporte un agent de fixation specifique audit haptene ; 

d) la presence dudit premier analyte dans ledit liquide echantillon conduisant a une fixation des particules 
dans ladite au moins une zone de detection en une quantity directement proportionnelle a la concentration 
dudit premier analyte dans ledit liquide echantillon, et la presence dudit haptene dans ledit liquide echantillon 

25 conduisant a une reduction de la fixation des particules de ladite au moins une autre population dans ladite 

autre zone de detection en une quantite directement proportionnelle a la concentration dudit haptene dans 
ledit liquide echantillon, la zone de detection contenant I'haptene immobilise ou I'analogue d'haptene immo- 
bilise etant dans un site en aval de la zone de detection associee au premier analyte. 

30 17. Dispositif selon la revendication 16, dans lequel ledit premier analyte est I'hormone luteinisante (LH). 

18. Dispositif selon la revendication 16 ou 1 7, dans lequel ledit second analyte est I'estradiol ou I'un de ses metabolites, 
tel que l'E3G. 

35 19, Dispositif selon Tune quelconque des revendications 16 a 18, dans lequel les particules sont des particules de 
latex, de preference colorees. 

20. Dispositif selon Tune quelconque des revendications 16 a 19, dans lequel I'affinite de I'agent de fixation specifique 
anti-haptene est au moins d'environ 10 9 , de preference 10 10 , mole/litre. 

40 

21. Proc6d6 de determination de la presence et/ou la concentration d'au moins deux analytes dans un seul liquide 
echantillon, au moins I'un desdits analytes etant determinable au moyen d'une reaction de fixation a double site 
en phase solide impliquant deux reactifs de fixation specifiques a differents epitopes sur ledit analyte et au moins 
un autre desdits analytes etant un haptene et, en consequence, n'etant pas determinable facilement au moyen 

45 d'une reaction de fixation en phase solide, lequel proc6d6 comprend les etapes consistant a : 

a) former un dispositif comprenant une bande de materiau poreux suivant laquelle ledit liquide echantillon 
peut migrer, la bande comportant au moins deux zones de detection spatialement distinctes, au moins une 
par analyte a determiner, situees en aval du site d'addition du liquide echantillon a ladite bande, zones 
50 desquelles : 

i) au moins une zone contient un agent de capture immobilise etant un agent de fixation specifique audit 
premier analyte ou un agent de fixation specifique qui peut capturer un complexe a double site en phase 
solide incluant ledit premier analyte, et 

55 

ii) au moins une autre zone contient un agent de capture immobilise qui est soit I'haptene, soit I'un de ses 
analogues ; 
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b) fournir au moins deux populations de particules capables de migrer a travers ladite bande avec ledit liquide 
echantillon, populations desquelles : 

I) au moins une population transporte un agent de fixation specifique audit premier analyte, ou specifique 
5 a un autre agent de fixation specifique qui peut participer dans une reaction en phase solide audit premier 

analyte, et 

ii) au moins une autre population transporte un agent de fixation specifique audit haptene ; et 

10 c) amener lesdites populations de particules a devenir suspendues dans ledit liquide echantillon et a migrer 

avec ledit liquide echantillon a travers ladite bande ; la presence dudit premier analyte dans ledit liquide echan- 
tillon conduisant a la fixation de particules dans ladite au moins une zone de detection en une quantite direc- 
tement proportionnelle a la concentration dudit premier analyte dans ledit liquide echantillon, et la presence 
dudit haptene dans ledit liquide echantillon conduisant a une reduction de la fixation des particules de ladite 

15 au moins une autre population dans ladite autre zone de detection en une quantite directement proportionnelle 

a la concentration dudit haptene dans ledit liquide echantillon, la zone de detection contenant I'haptene im- 
mobilise ou I'analogue d'haptene immobilise etant situe dans un site en aval de la zone de detection associee 
au premier analyte. 

20 22. Procede selon la revendication 21 , dans lequel I'ampleur de la fixation des particules dans chacune desdites zones 
de detection est determinee en mesurant I'extinction du rayonnement electromagnetique, tel que la lumiere, lors- 
qu'il est transmis a travers Pepaisseur de ladite bande. 

23. Necessaire pour analyse a des fins de test pour surveiller I'etat de fertilite du cycle d'ovulation humain et delivrer 
25 a une utilisatrice une indication de I'etat de fertilite, comprenant : 

i) une pluralite de dispositifs de dosage selon I'une quelconque des revendications 16 a 20 ; et 

ii) un moniteur electronique comprenant : 

30 

a) un moyen de lecture pour lire I'un des dispositifs de dosage ; 

b) un moyen de traitement d'information pour determiner a partir de ladite lecture de dispositif de dosage, 
les valeurs de concentration de liquide echantillon pour lesdits au moins deux analytes ; 

35 

c) un moyen de traitement d'information et un moyen de memoire pour d6river desdites valeurs de con- 
centration et desdites valeurs de concentration precedemment derivees une indication de l'6tat de fertilite 
courant d'un sujet humain sous analyse a des fins de test ; et 

40 d) un moyen d'affichage (433, 434) pour communiquer ledit etat de fertilite courant a une utilisatrice dudit 

dispositif electronique. 

24. Necessaire pour analyse a des fins de test selon la revendication 23, dans lequel ledit dispositif electronique 
comprend un moyen recepteur (442) pour recevoir ledit dispositif de dosage, ledit moyen de lecture etant situe a 

45 I'interieur dudit moyen recepteur et dans lequel la lecture est realisee par transmission optique a travers ledit 

dispositif de dosage lorsque recue par ledit moyen recepteur. 

25. Necessaire pour analyse a des fins de test selon la revendication 23 ou 24, dans lequel ledit moyen d'affichage 
comprend au moins une source de lumiere qui delivre un signal color§ a I'utilisatrice, une variation de I'etat de 

50 fertilite etant indiquee par un changement de couleur. 
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